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LEGAL  NOTICE 


This  report  was  prepared  as  an  account  of  Government  sponsored  work.  Neither 
the  United  States,  nor  the  Atomic  Energy  Commission,  nor  any  person  acting 
on  'behalf  of  the  Commission: 

A.  Makes  any  warranty  or  representation,  express  or  implied, 
with  respect  to  the  accuracy,  completeness,  or  usefulness 
of  the  information  contained  in  this  report,  or  that  the 
use  of  any  information,  apparatus,  method,  or  process 
disclosed  in  this  report  may  not  infringe  privately 
owned  rights;  or 

B.  Assumes  any  liabilities  with  respect  to  the  use  of,  or 
for  damages  resulting  from  the  use  of  any  information, 
apparatus,  method,  or  process  disclosed,  in  this  report. 

As  used  in  the  above,  "person  acting  on  behalf  of  the  Commission"  includes 
any  employee  or  contractor  of  the  Commission  to  the  extent  that  such 
employee  or  contractor  prepares,  handles  or  distributes,  or  provides 
access  to,  any  information  pursuant  to  his  employment  or  contract  with  the 
Commission. 
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ABSTOACT:  The  broad  purpose  of  the  energy-partition  work  currently  being 
conducted  by  the  Naval  Ordnance  Laboratory  is  to  determine  the  response  of 
a  model  shield  plug  to  simulated  excursion-type  loadings  generated  within 
an  idealized  model  reactor  plant.  This  purpose  is  being  achieved  through 
an  investigation  of  the  partition  of  mechanical  and  non-mechanical  energies 
resulting  from  the  detonation  of  a  water-cased  explosive  surrounded  by  air 
in  a  closed  piston-fitted  vessel.  Of  eight  postulated  governing  parameters, 
this  report  presents  an  investigation  of  the  effects  of  only  three  of  the 
more  important  parameters,  charge  weight,  mass-per -frontal  area,  and  water- 
to-air  ratio,  on  energy  partition. 

Analytic  equations  have  been  established  that  express  energy  partition  in 
terms  of  model-plug  response  to  simulated  excursion-type  loading.  These 
equations  require  for  their  solutions  only  a  knowledge  of  the  displacement¬ 
time  history  of  the  model  plug.  Eleven  energy-partition  experiments  have 
been  conducted  in  a  test  apparatus  that  simulates  the  Enrico  Fermi  Atomic 
Power  Plant.  Experimental  displacement -time  data  have  been  graphically  and 
analytically  treated  to  obtain  various  plug-response  functions  and  the 
subject  energy  partition.  Comprehensive  analyses  of  the  plug-response  data 
are  presented  in  considerable  detail  in  tabular  and  graphical  forms. 

For  the  subject  experiments  only,  it  is  concluded  from  this  investigation 
that  increasing  water -to-air  ratios  have  a  marked  decreasing  effect  on 
energy  partition  (ratio  of  mechanical  to  non-mechanical  energy),  that 
increasing  mass-per-frontal-area  ratios  have  only  a  slight  decreasing  effect 
on  energy  partition,  and  that  increasing  charge  weights  have  a  slight 
Increasing  effect  on  energy  partition.  No  statement,  qualitative  or  quanti¬ 
tative,  based  on  these  results  alone  can  be  made  concerning  a  full-scale 
reactor  plant.  Only  through  an  extensive  investigation  of  all  the  governing 
parameters  in  an  improved  test  apparatus  can  the  general  solution  be  obtained. 
Such  a  general  solution  is  being  pursued  and  will  be  reported  at  a  later  date. 
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NOL  Task-285*  NOL  Reactor-Vessel  Containment  Program.  The 

objective  of  Task  V  is  to  determine  the  partition  of  mechanioal 

and  non-mechanioal  energy  resulting  from  the  detonation  of 

water-cased  and  sodium-cased  explosives  surrounded  by  air  and 

confined  within  a  piston- fitted  vessel.  This  report  presents 

the  results  of  preliminary  work  designed  to  establish  the 

governing  parameters  and  to  show  the  method  of  solution  to  be 

sound.  Experimental  facilities  and  the  results  of  eleven  test3 

are  described  in  considerable  detail.  This  material  was  submitted 
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INTRODUCTION 

All  nuclear  reactor  power  facilities  are  subject  to  the 
remote  possibility  of  an  accidental  power  excursion.  Although 
numerous  safety  devices  are  employed  to  prevent  accidental  excur¬ 
sions,  it  is  essential  that  the  plant  housing  and  equipment  be 
designed  to  contain  all  radioaotive  products  in  the  unlikely 
event  of  such  an  accident.  Otherwise,  violation  of  the  plant 
containment  integrity  would  possibly  allow  radioaotive  produots 
to  contaminate  the  immediate  atmosphere  and  underground  water 
supply. 

Of  particular  public  interest  in  regard  to  reactor  safety 
is  the  Enrico  Fermi  Atomio  Power  Plant  currently  being  constructed 
at  Lagoona  Beach,  Michigan.  The  Fermi  installation,  described 
in  detail  in  reference  (a),  utilizes  a  sodi um-cooled,  fast- 
breeder  reactor  that  provides  energy  for  a  100,000-kw,  steam- 
electric  power  plant.  Of  the  plant’s  various  facilities,  our 
ultimate  concern  here  is  with  the  containment  building  that 
houses  the  reactor  proper.  Figure  1  is  a  simplified  sketch 
showing  a  cross-seotional  view  of  the  containment  building  and 
components  of  importance  to  containment. 

The  containment  building  is  an  air-tight  steel  structure 
with  a  diameter  of  72  feet,  an  overall  height  of  120  feet,  and 
a  wall  thickness  of  1  1/8  inches.  The  configuration  of  this 
structure  is  that  of  a  right-circular  cylinder  with  a 
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hemispherical  t,op  and  an  ellipsoidal  bottom  that  is  embedded  in 
concrete.  The  lower  half  of  this  building  is  below  ground  level 
and  contains  the  reaotor  core  and  associated  equipment.  The 
reactor  oore  and  breeder  blanket  together  constitute  a  right- 
circular  cylinder  about  80  inches  in  diameter  and  70  inches  in 
height?  the  oore  of  uranium  fuel  elements  alone  approximates  a 
right- circular  cylinder  30  inohes  in  diameter  and  30  inches  in 
height.  Primary  sodium  coolant  enters  the  oore  and  blanket  at 
550 °P,  leaves  at  800°F,  and  is  circulated  at  the  rate  of  13.2  X 
10 ^  lb/hr.  The  oore  and  blanket  are  housed  in  the  lower  reactor 
vessel  which  is  cylindrical  in  shape.  The  diameter  of  this 
vessel  is  9  1/2  feet,  its  height  is  13  feet,  and  it  is  con¬ 
structed  of  2-inoh  stainles3-steel  plate.  The  upper  reactor 
vessel,  also  oonstruoted  of  2-inoh  stainless  steel  plate,  is 
essentially  a  right-oiroular  cylinder  14  feet  in  diameter  and 
22  feet  in  height.  The  combined  weight  of  sodium  maintained  in 
these  two  compartments  is  approximately  44.5  tons.  Fitted  into 
the  top  of  the  upper  reaotor  vessel  is  the  reactor  shield  plug. 
This  nearly  solid  steel  plug  is  9  1/3  feet  in  diameter  and  12 
feet  in  overall  height  and  weighs  approximately  143  tons.  Its 
mass-per-frontal-area  ratio  (mass  of  plug  divided  by  the  frontal 
area)  is  0.902  slugs/in^.  The  primary  purposes  of  the  plug  are 
to  allow  the  introduction  of  control  rods  and  fuel  elements  into 
the  core  while  the  plant  is  in  operation  and  to  provide  acoess 
to  the  oore  for  maintenance. 
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Immediately  surrounding  the  reaotor  vessel  is  a  thick  layer 
of  graphite  housed  in  a  oyllndrioal  steel  tank  that  is  2lj.  feet 
in  diameter  and  38  feet  in  height  and  is  constructed  of  5/8-inoh 
steel  plate.  The  tank  and  graphite  layer  constitute  the  primary 
thermal  and  radiation  shield  for  the  reaotor.  Enclosing  the 
primary-shield  tank  are  the  seoondary-shield  wall  and  operating 
floor.  The  secondary  shield  is  constructed  with  3-foot  oonorete 
walls  lined  with  l/2-inch  steel  plate  on  the  internal  surface, 
and  the  operating  floor  is  a  5- foot  thick  oonorete  platform 
lined  with  4“incli  steel  plate.  Aside  from  enclosing  the  primary- 
shield  tank,  these  joint  structures  envelop  an  air  spaoe  of 
approximately  10,000  oubio  feet.  This  air,  whioh  has  been  made 
nearly  inert  by  removing  75  per  cent  of  the  oxygen,  greatly 
reduoes  the  possibility  of  a  chemical  reaction  resulting  from 
an  accidental  sodium  leak.  The  normal  operating  temperature  of 
the  steel  lining  and  air  spaoe  is  approximately  180°P.  The  ratio 
of  the  volume  of  sodium  at  800°P  In  the  reaotor  vessel  to  the 
volume  of  enclosed  air  is  0.165« 

In  mid- 19 57  the  Atomic  Energy  Commission  requested  that  the 
U.  S.  Naval  Ordnance  Laboratory  oonduot  a  containment  study  of 
the  Enrioo  Fermi  plant.  The  purpose  of  the  study  was  to  deter¬ 
mine  the  damage  to  the  containment  building  that  might  result 
from  an  accidental  nuclear  excursion  equivalent  in  violence  to 
the  detonation  of  1,000  pounds  of  TNT  at  the  reaotor  core.  This 
study,  whioh  was  oonduoted  by  E.  M.  Fisher  and  W.  R.  Wise,  Jr., 
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reference  (b),  established  an  upper  bound  on  possible  explosive 
damage  to  the  plant.  Among  the  various  findings  of  the  study, 
it  was  concluded  that  the  detonation  of  1,000  pounds  of  TNT 
occurring  at  the  reactor-oore  position  would  not  develop  shock 
waves  in  the  sodium  and  air  of  sufficient  strength  to  threaten 
the  integrity  of  the  outer  containment  building.  If  the  shook 
waves  ruptured  the  reactor  vessel  and  the  primary-shield  tank, 
the  secondary  shield  and  operating  floor  would  contain  the  blast 
and  all  resulting  fragments.  The  shield  plug  is  free  to  move 
vertically  upward  to  relieve  any  excess-pressure  build-up,  and 
it  would  rise  no  more  than  2  feet  when  subjected  to  the  shook 
wave.  Whereas  the  maximum  damage  resulting  from  the  shook  wave 
alone  was  based  on  known  information,  the  evaluation  of  the 
static  equilibrium  pressure  (internal  blast  pressure)  that 
follows  the  shock  wave  for  the  conditions  of  a  liquid-cased 
explosion  was  largely  unknown. 

For  the  oase  where  the  reaotor  vessel  and  primary- shield 
tank  ruptured,  maximum  equilibrium  pressure  would  result  if  the 
total  explosive  energy  were  transferred  to  the  10,000  cubio  feet 
of  air  enolosed  by  the  secondary  shield.  In  this  case,  a  pres¬ 
sure  of  the  order  of  300  psi  could  oocur  within  the  secondary 
shield;  the  shield  plug  would  respond  much  as  a  projeotile  in  a 
gun  and  would  move  vertically  upward  to  a  height  of  the  order 
of  130  feet  above  its  initial  position.  If  this  did  occur, 
then  the  plug,  while  aoting  as  a  missile,  would  penetrate 
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the  outer  walls  of  the  containment  building.  It  should  be 
emphasized  that  the  Fisher-Wise  study  does  not  postulate  that 
the  total  explosive  energy  must  go  into  pressure  build-up,  but 
only  that  if  it  did,  the  plug-missile  hazard  would  exist.  The 
exaot  amount  of  energy  that  would  be  available  for  a  pressure 
rise  in  the  event  of  an  accidental  excursion  is  unknown  at  this 
time.  Therefore,  it  is  important  to  investigate  the  nature  of 
the  loading  resulting  from  an  upper-bound  energy  release,  e.g. , 
the  previously  discussed  detonation  of  1,000  pounds  of  TNT.  It 
follows  that  the  response  of  ths  shield  plug  to  such  loading 
must  be  determined  in  order  to  assess  the  hazard  faotor  of  the 
plug  as  a  possible  missile. 
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PURPOSE  AND  OBJECTIVES 

The  purpose  of  this  study  is  to  determine  model  shield 
plug  response  to  simulated  excursion-type  loadings  by  investi¬ 
gating  the  resultant  partition  of  meohanioal  and  non-meohanioal 
energy.  Mechanical  energy  is  defined  as  the  energy  absorbed  by 
the  shield  plug  by  virtue  of  its  motion,  and  the  non-mechanical 
energy  is  defined  as  the  energy  absorbed  by  the  surroundings. 

A  partial  solution  to  this  problem  can  be  achieved  by  investi¬ 
gating  the  response  of  a  model  shield  plug  to  simulated  excur¬ 
sion  loading  generated  by  the  detonation  of  a  water-cased 
explosive  surrounded  by  air  in  a  closed,  piston- fitted,  second¬ 
ary-shield  simulant.  The  efficiency  of  converting  explosive 
energy  to  mechanical  energy,  as  determined  by  plug  response,  is 
a  function  of  various  parameters.  It  is  postulated  that  the 
governing  parameters  are  charge  composition  and  weight,  mass-per- 
frontal  area  of  the  shield  plug,  water-to-air  volume  ratio  in  the 
oonfining  vessel,  length  of  the  power  stroke  of  the  plug,  tem¬ 
perature  of  the  water,  temperature  of  air  and  secondary- shield 
wall,  and  size  and  configuration  of  the  secondary-shield  simu¬ 
lant.  This  list  is  not  necessarily  a  complete  statement  of  the 
governing  parameters;  however,  it  inoludes  the  parameters  that 
have  been  observed  and  contemplated  to  date.  The  general  solu¬ 
tion  to  this  problem,  including  the  consideration  of  scaling 
laws,  would  require  a  lengthy,  time-consuming  investigation. 

Some  basio  principles  and  concepts,  however,  can  be  established 
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by  investigating  three  of  the  more  important  parameters  which 
are  oharge  weight,  mass-per- frontal  area  of  the  plug,  and  water- 
to-air  volume  ratio.  The  soope  of  this  report  is  limited  to  a 
study  of  these  parameters. 

The  technical  approaoh  used  to  achieve  the  objectives  of 
this  study  is: 

1.  to  vary  simulated  excursion  loadings  in  a  model, 
secondary-shield  container  as  functions  of  oharge  weight,  mass- 
per-frontal  area  of  the  model  plug,  and  water-to-air  volume 
ratio. 


2.  to  investigate  the  effeots  of  these  three  parameters 
upon  model-plug  response,  and  henoe  upon  energy  partition,  in 
terms  of  displacement,  velooity,  acceleration,  and  loading 
pressure. 

3.  to  establish  and  qualitatively  analyze  possible 
mechanisms  by  which  the  water  oasing  surrounding  the  oharge 
absorbs  explosive  energy. 
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ENERGY-PARTITION  ANALYSIS 

To  implement  the  teohnical  approaoh  previously  stated, 
appropriate  analytio  equations  were  required  to  relate  the  parti¬ 
tion  of  mechanical  and  non-mechanical  energy  to  model-plug 
response  resulting  from  explosive  loading.  These  governing 
equations  were  formulated  and  expressed  in  a  manner  such  that 
their  solutions  required  only  a  knowledge  of  the  plug  motion 
as  a  function  of  time. 


Energy-Partition  Ratio.  Energy  partition  is  defined  here 

as  the  ratio  of  mechanical  energy  to  non-meohanioal  energy 

resulting  from  simulated  excursion-type  loading.  Expressed 

* 

analytically,  this  definition  appears  as 


EP  =  HE 
NonME 


(1) 


where 

EP  .  is  the  subject  energy  partition 

ME  . .  is  mechanioal  energy  absorbed  by  plug,  ft-lb 


NonME  ....  is  non-mechanioal  energy  absorbed  by  surround¬ 
ings,  ft-lb 

Mechanioal  Energy.  Meohanioal  energy  is  more  specifically 
defined  as  the  pressure- force  work  done  on  the  model  plug  as  it 
moves  upward  through  the  power  stroke.  The  full  power  stroke  is  the 
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predetermined  displacement  of  the  plug,  measured  from  its  ini¬ 
tial  position,  through  whioh  the  transient  pressure  aots  on  the 
frontal  area.  Instantaneous  pressure  release  to  the  atmosphere 
is  assumed  to  ooour  after  the  plug  has  traversed  the  power 
stroke.  From  the  above  definition,  mechanioal  energy  oan  be 
expressed  as 

s=s^ 

ME  «  A  J p  ds  ,  p  =  p  (a)  (2) 

a=0 

where 

A  ....  is  frontal  area  of  plug,  in^ 

p  ....  is  transient  pressure  aoting  on  frontal  area,  psig 
s  ....  is  displacement  of  plug  measured  from  initial 
position  s=0,  ft 

Sf  ...  is  length  of  power  stroke,  ft 

In  order  to  assess  the  mechanical  energy,  it  is  neoessary 
to  determine  the  equation  of  dynamic  equilibrium  for  the  plug. 
Assuming  the  system  of  forces  aoting  upon  the  plug  as  shown  in 
the  free-body  diagram  of  figure  2  and  assuming  wind  losses  to  be 

negligible,  we  find  the  equilibrium  equation  to  be 

pA  =  mv  4^-  +  BiS  +  F  (3) 

ds 
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FIG,  2  FREE-BODY  DIAGRAM  OF  MODEL  PLUG 
SHOWING  FORCE  SYSTEM 
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where  the  constants  are 

p 

A  ...  frontal  area  of  plug,  inc 

m  . . •  mass  of  plug,  slugs 

g  ...  acceleration  due  to  gravity,  ft/seo^ 

P  . . .  friction  force,  lb 
and  the  variables  are 

p  ...  transient  pressure  aoting  on  frontal  area,  psig 
v  . • •  velocity  of  plug,  ft/seo 
s  ...  displacement  of  plug,  ft 

The  friction  force  F  was  measured  at  a  slow  oonstant  velocity 
and  was  found  to  be  approximately  2  pounds.  Although  this  force 
is  sufficiently  small  to  be  neglected,  we  elect  to  retain  it  as 
a  constant  of  2  pounds  acting  in  opposition  to  the  motion. 
Rearranging  equation  (3)  and  integrating,  we  can  write 


A 


S— Sf. 

f  ‘ 

Ip  ds  =  m 
3=0 


v=vf 

I  v  dv  +  (mg+F) 
v=Q 


3— S 

/ds 

3=0 


(k) 


where  v^  is  the  velocity  of  the  plug  at  the  end  of  the  power 
stroke,  ft/sec.  Performing  the  indicated  integration  and  sub¬ 
stituting  into  equation  (2),  we  obtain 


* 
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s=sf 

MS  =  A  y*pds  =  |v^  +  Tngsf  +  F  af  (5) 

3*0 


,  This  equation  states  that  the  pres sure- force  work  done  on  the 
plug  is  manifested  in  the  form  of  kinetic  energy  (~  V^) ,  potent 
tial  energy  (mgsf),  and  heat  lost  to  friction  (P  sf) .  The 
complete  numerical  solution  of  the  equation  can  be  achieved  with 
a  knowledge  of  the  displacement  as  a  function  of  time 

s  =  s  (t) 

alone,  since  first  and  second  derivatives  of  this  displacement 
funotion  with  respeot  to  time  in  combination  with  the  equilib¬ 
rium  equation  (3)  yield 


v  =  v  (t) 
a  =  a  (t) 

P  =  P  (s) 

where  "aM  is  the  acceleration  of  the  plug,  ft/sec2. 

To  complement  this  analysis,  one  oan  utilize  the  maximum 
height  attained  by  the  plug  to  determine  its  maximum  inorease  of 
potential  energy.  From  the  conservation  of  energy,  we  can  write 
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PE  =  mg  H  =  |  v^  +  mgsf 


(6) 


where 

PE  ...  Is  maximum  potential  energy  of  plug,  ft- lb 

H  ....  is  maximum  height  of  plug  travel,  ft 
This  equation  oan  be  used  to  oheok  the  validity  of  the  assump¬ 
tions  concerning  the  friction  force  and  windage  loss. 

N on-Me  ohani o al  Energy.  Non-meohanioal  energy  has  been 
defined  as  the  energy  absorbed  by  the  surroundings.  In  other 
words,  this  quantity  is  the  sum  of  all  energy  released  by  the 
explosive  that  does  not  appear  as  mechanioal  energy.  Analyti¬ 
cally  expressed. 


NonME  =  Er  -  ME 


(7) 


where  Er  ia  the  total  energy  released  from  the  explosive 
(explosive  energy),  ft- lb.  A  typical  example  of  the  method  used 
to  determine  the  total  explosive  energy  is  found  in  Appendix  A. 

Substituting  the  results  obtained  from  equations  (5)  and 
(7)  into  equation  (1)  will  yield  the  energy-partition  ratio  for 
a  particular  set  of  parameters. 
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EXPERIMENTAL  FACILITIES  AND  PROCEDURE 

Investigation  of  the  subject  energy  partition  required  the 
use  of  a  test  meohanism  in  which  model  experiments  could  be 
performed.  Sinoe  the  previously  discussed  hypothetical  Fermi 
plant  explosion  would  be  contained  within  the  secondary  shield, 
it  was  considered  neoessary  here  to  simulate  only  the  shield  and 
its  internals.  We  wished  to  subjeot  the  plug  simulant  to  the 
type  of  loading  that  would  be  experienced  by  the  Fermi  plant  in 
event  of  the  hypothetical  excursion  previously  described.  This 
was  aohieved  most  conveniently  by  scaling  down  the  physioal 
dimensions  of  the  Fermi  plant  to  those  of  a  model  plant  in  accord 
with  Hopkinson*s  (cube- root)  scaling  law  commonly  used  in 
explosive  work.  A  soale  factor  of  about  1/30  was  chosen. 

Figure  3  shows  a  oross-seotional  view  of  the  secondary- 
shield  simulant.  The  soaled  simulant,  a  cylindrical  chamber 
10  inohes  in  diameter  and  9.2  inohes  in  height,  was  constructed 
from  an  existing  cylinder  fitted  at  the  ends  with  rigid  olosures. 
A  steel  filler  was  used  to  aohieve  the  desired  chamber  volume 
and  to  provide  a  bore  for  the  model  shield  plug. 

In  the  hypothetical  Fermi  plant  explosion,  we  considered 
only  the  oase  where  the  reaotor  vessel  and  the  primary-shield 
tank  were  assumed  to  offer  little  re  sistance  to  the  resultant 
shook  wave.  For  simplicity  in  the  model  tests,  these  two  vessels 
were  simulated  by  one  thin-wall  cylindrical  container,  denoted 
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FIG.  3  CROSS-SECTIONAL  VIEW  OF 
SECONDARY-SHIELD  SIMULANT 
WITH  MODEL  PLUG 
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as  the  reaotor-vessel  simulant.  Sinee  many  problems  arise  with 
the  handling  and  use  of  molten  sodium,  water  was  ohosen  as  a  con¬ 
venient  substitute.  This  choice  was  based  on  the  similarity  of 
water  and  sodium  densities.  The  diameter  and  height  of  the 
container,  which  was  constructed  from  l/64“inch  brass  shim  stook, 
varied  from  2  to  3.5  inohes  and  2.5  to  9.2  inohes,  respectively, 
depending  upon  the  desired  quantity  of  water.  A  oylindrioally 
shaped  pentolite  charge,  fitted  with  detonator,  was  supported  on 
a  brass  pedestal  and  was  completely  enoased  by  water.  In  all 
oases,  where  practicable,  the  oentroid  of  the  charge  coincided 
with  the  oentroid  of  the  water  oasing.  The  firing  leads  from 
the  detonator  passed  through  the  bottom  closure  by  means  of  hig3>* 
pressure,  sealed,  eleotrical  oonneotors.  Introduction  of  the 
water-oased  charge  into  the  secondary- shield  simulant  was  accom¬ 
plished  by  means  of  a  screw-plug  looated  in  the  bottom  olosure. 

In  order  to  satisfy  particular  apparatus  design  criteria, 
weight  and  dimensions  of  the  model  shield  plug,  with  the  excep¬ 
tion  of  the  frontal  diameter,  were  not  scaled.  In  accord  with 
cube-root  soaling,  the  frontal  diameter  of  the  model  plug  was 
ohosen  to  be  3*5  inches.  The  power  stroke  (length  of  the 
lower  portion  of  the  plug)  was  taken  to  be  13.25  inohes.  The 
upper  portion  of  the  plug  was  4*312  inohes  in  diameter  and  13.75 
inohes  in  length.  To  vary  the  mass-per- frontal  area  of  the  plug 
without  ohanging  any  physioal  dimensions,  plugs  of  different 
densities  were  used.  One  plug  was  made  of  aluminum  weighing 
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31.7  pounds,  and  another  of  steel  weighing  91.9  pounds.  It  is 
noted  here  that  the  mass-per- frontal- area  ratios  of  these  two 
model  plugs  were 0.102  and  0.297  slugs/in^,  respeotively,  as 
compared  to  0.902  slugs/in^  for  the  full-soale  plug;  and  the 
power  stroke  of  the  model  plug  was  13*25  inohes  as  oomparod  to 
12  feet  for  the  full-soale  oase.  The  model  shield  plug  was  guided 
during  its  first  I4.O  Inohes  of  displacement  by  a  cylindrical  steel 
tube  (plug  guide)  whose  Internal  diameter  corresponds  to  the 
outside  diameter  of  the  upper  portion  of  the  model  plug.  Two 
slits,  two  Inohes  wide  and  30  inches  long,  were  machined  in  the 
guide  180°  apart  to  allow  observation  of  the  plug  motion  during 
the  power  stroke.  The  need  for  these  slits  will  become  more 
apparent  later  when  the  photographic  system  is  described.  At 
the  lower  portion  of  the  plug  guide  an  array  of  l/2-inoh  diameter 
holes  were  machined  through  the  walls  to  act  as  gas  vents.  These 
vents  permitted  the  chamber  gases  to  escape  and  produce  a  nearly 
step-funotion  release  of  pressure  in  the  chamber  when  the  model 
plug  reached  the  end  of  the  power  stroke. 

The  entire  test  mechanism  was  rigidly  constrained  in  a  steel 
stand  as  illustrated  in  figure  Shown  in  this  photograph  is 
the  fully  assembled  test  apparatus.  The  entire  apparatus  was 
inclined  5°  to  prevent  the  model  plug  from  falling  back  upon  the 
meohanism  after  the  plug  traveled  out  of  the  guide.  Upon  close 
observation,  the  model  plug  oan  be  seen  in  its  initial  position 
through  the  front  photo  slit. 
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PHOTO  SLITS 

MODEL  PLUG 
REFERENCE  LINE 

SECONDARY-SHIELD 

SIMULANT 


PLUG  GUIDE 


PLEXIGLASS 

SHEET 


TEST  STAND 


BED  PLATE 


FIG. 4  FULLY  ASSEMBLED  TEST  APPARATUS 
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The  displacement- time  function  of  the  model  plug  during  the 
power  stroke  was  determined  by  high-speed  photography.  Motion 
of  the  model  plug  was  photographed  through  the  photo  slit  by  an 
Eastman  High-Speed  16-millimeter  camera  operating  at  about  3>000 
frames  per  second.  The  position  of  the  oamera  with  respect  to 
the  apparatus  is  shown  in  figure  5*  The  oamera  was  electronically 
synchronized  with  the  event  in  a  manner  that  allowed  the  oamera 
to  initiate  the  detonator  when  nearly  full  speed  was  attained. 
Aocurate  time  calibration  was  plaoed  on  the  oamera  film  by  a 
small  neon  bulb  powered  by  a  pulse  generator  controlled  by  a 
1,000-cps  vacuum-tube- fork  frequency  standard. 

To  eliminate  problems  arising  from  daylight  lighting  condi¬ 
tions,  silhouette-type  lighting  was  used  to  photograph  the  plug 
motion.  Thi3  was  accomplished  by  focusing  photo  lights  on  the 
baok  side  of  a  sand-blasted  strip  of  plexiglass  that  covered  the 
photo  slit  dlreotly  behind  the  plug.  To  provide  a  fixed  refer¬ 
ence  line  in  the  field  of  view  of  the  oamera,  a  large  sheet  of 
sand-blasted  plexiglass  with  a  blaok  horizontal  line  was  mounted 
on  the  test  stand  as  shown  in  figure  h*  Again,  compatible 
silhouette  lighting  was  used  to  photograph  the  reference  line. 

A  better  concept  of  the  lighting  system  is  given  piotorially  in 
figure  6.  With  this  type  of  photography,  the  model  plug  and 
reference  line  appeared  black  against  a  brilliant  white  background, 
and  a  sharp  profile  contrast  was  obtained. 
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EASTMAN  HIGH-SPEED  CAMERA  I 


FIG. 6  TOP  VIEW  OF  TEST  APPARATUS 

SHOWING  PHOTO-LIGHT  ARRANGEMENT 
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The  maximum  height  attained  by  the  model  plug  after  leaving 
the  plug  guide  was  recorded  by  a  Kodak  Cine- Special  camera 
operating  at  6I4.  frames  per  seoond.  This  oamera  was  looated 
approximately  120  feet  from  the  test  apparatus  atop  a  30-foot 
tower  as  shown  in  figure  7»  Sinoe  only  a  reoord  of  the  maximum 
height  of  plug  travel  was  required  from  this  oamera,  no  timing 
or  synchronization  was  necessary  in  its  operation. 
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30- FOOT  TOWER 
LOCATED  120  FT 
FROM  TEST 
APPARATUS 


KODAK  CINE-SPECIAL  CAMERA 


FIG. 7  LOCATION  OF  KODAK  CINE-SPECIAL  CAMERA 


24 


NOLTR  62-155 


EXPERIMENTAL  RESULTS 

Eleven  energy-partition  experiments  were  conducted  utiliz¬ 
ing  the  test  apparatus  and  photographic  system  described  in  the 
previous  section.  Since  the  conduct  of  eaoh  test  required 
approximately  16-man  hours,  effort  was  limited  to  experiments 
with  judiciously  ohosen  values  of  the  three  governing  parameters, 
previously  selected  in  the  section  Purpose  and  Objectives.  The 
results  from  eleven  tests  were  used  to  establish  the  effect  on 
energy  partition  of  varying  the  water-to-air  ratio,  from  four 
tests  to  indicate  the  effect  of  varying  charge  weight,  and  from 
four  tests  to  indicate  the  effect  of  varying  mass-per- frontal 
area.  Detailed  specifications  of  these  tests  and  an  index  for 
data  comparisons  are  given  in  table  1.  Pentolite- charge  weights 
were  nominally  15  and  30  grams,  mass-per- frontal  area  values 
were  0.102  and  0.297  slugs/in^  (plug  weights  of  31*7  and  91.9 
lb),  and  water-to-air-ratio  values  ranged  from  0  to  0.171. 

The  films  obtained  from  the  high-speed  camera  for  the 
subject  eleven  tests  were  analyzed  on  a  high-magnification 
Telereadex  29A  film  reader.  Sequential-motion  views  of  the 
model  plug  during  the  power  stroke  (Test  No.  8)  are  shown  in 
figure  8.  For  each  test,  experimental  displacement-time  data 
describing  the  motion  of  the  model  plug  during  the  power  stroke 
are  given  in  the  Experimental  Data  seotions  of  tables  B-l  through 
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VARIABLE  PARAMETERS 


TEST  NUMBER 
(ENERGY  PARTITION)* 

1 

(0.0013) 

2 

(0.0007) 

3 

(0.0018) 

it 

(0.0173) 

5 

(0.0139) 

6 

(0.0191) 

7 

(0.0039) 

8 

(0.0029) 

9 

(0.0020) 

10 

(0.0016) 

11 

(0.0017) 

0 

X 

X 

X 

0.003 

X 

WATER-TO-AIR  0.007 

RATIO  (VOL/VOL) 

0.019 

m m 

X 

mm 

X 

0.028 

X 

0.038 

X 

0.171 

X 

X 

X 

13.9 

X 

X 

X 

X 

CHARGE  WEIGHT  (OM)  16.2 

X 

X 

X 

X 

X 

30.0 

X 

MASS-PER-FRONTAL  '  0.102 

X 

X 

X 

X 

X 

X 

X 

X 

AREA  (SLU0S/IN2)  0.297 

X 

X 

VOLDME  OF  AIR  (CC) 

10255 

10255 

10255 

12011 

12011 

12011 

11965 

11906 

11778 

11662 

11546 

VOLUME  OF  WATER  (CC) 

0 

0 

0 

88 

221 

323 

442 

DIAMETER  OF  REACTOR - 
VESSEL  SIMULANT  (IN) 

3.80 

- 

- 

- 

1.50 

2.00 

3.00 

3.00 

3.00 

HEIGHT  OF  REACTOR-  . 
VESSEL  SIMULANT  (IN) 

9.20 

9.20 

9.20 

■1 

- 

- 

2.00 

2.50 

2.50 

3.50 

4.50 

*  ENERGY  PARTITION  RESULTS  ARE  GIVEN  HERE  FOR  CONVENIENT  REFERENCE;  DETAILED  DEVELOPMENT  IS  GIVEN  IN  TABLE  6. 


FIXED  PARAMETERS 

1.  FRONTAL  AREA  OF  PLUG .  9.62  IN2 

2.  TEMPERATURE  OF  WATER .  55  Op 

3.  TEMPERATURE  OF  AIR .  50°F 

TEMPERATURE  OF  SECOND ARY-SHIE ID  SIMULANT  ....  50°F 

5.  COMPOSITION  OF  EXPLOSIVE  CHARGE  .  PENTOLITE 


TEST  COMPARISONS 


EFFECT  OF  EFFECT  OF  EFFECT  OF 

MASS -PER -FRONTAL  AREA  CHARGE  WEIGHT**  WATER -TO- AIR  RATIO** 

1  vs  2  1  vs  3  2  vs  5 

^  vs  5  4  vs  6  3  vs  6 

1  vs  4,7,8,9,10,11 


**  FOR  THE  PURPOSE  OF  COMPARISONS,  ENERGY- PARTITION  RESULTS  FROM  13.9-  AND  l6.2- 
ORAM  CHARGES  CAN  BE  CONSIDERED  EQUIVALENT  TO  THOSE  EXPECTED  FROM  A  CHARGE 
WEIGHING  NOMINALLY  15  GRAMS  WITHOUT  SIGNIFICANT  ERROR. 


TABLE  I  TEST  SPECIFICATIONS 
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MODEL 

PLUG 


t  =  20  MSEC 
s  =  0. 1 1  FT 


t  =  0  MSEC 
s  =  0  FT 


TIMING 

/MARK 


REFERENCE 


t  =  40  MSEC 
s=0.32  FT 


t  =  60  MSEC 
s  =  0.63  FT 


VENTING 


t  =  80  MSEC 
8=1.01  FT 


t  =90  MSEC 
s=l.20  FT 


FIG.  8  SEQUENCE  OF  PHOTOGRAPHS  SHOWING 
MODEL-PLUG  MOTION  FOR  TEST  NO.  8 
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B-ll  found  in  Appendix  B.  (Data  from  Test  No.  1  are  found  in 
table  B-l,  Test  No.  2  in  table  B-2,  etc.)  To  identify  experi¬ 
mentally  obtained  displacement  data,  the  notation  sQ  is  used. 
Graphical  representations  of  the  displaoement-time  data  for  each 
test  are  shown  as  the  “displacement  curves”  in  figures  B-l 
through  B-ll  found  in  Appendix  B. 

Since  a  vacuum-tube-fork  frequency  standard  was  used  for 
time  calibration,  it  is  reasonable  to  expect  that  the  time  data 
were  not  in  error  by  more  than  +  1  per  cent.  Film  resolution 
will  not  produoe  an  error  of  more  than  +  0.005  foot  in  the 
experimental  displacement  data,  but  an  error  in  film  reading 
oould  appreciably  alter  this  deviation.  Although  nothing  more 
can  be  said  at  this  time  concerning  displacement-data  accuracy, 
a  more  meaningful  statement  will  be  made  in  the  subsequent  sec¬ 
tion  after  certain  numerical  treatments  of  the  data  have  been 
performed. 

The  films  obtained  from  the  Kodak  Cine-Speoial  camera  were 
also  analyzed  with  the  Telereadex  film  reader  to  obtain  values 
of  maximum  height  of  plug  travel  for  eaoh  test.  These  data  are 
presented  in  table  2.  The  accuracy  of  these  data  is  likewise 
subjeot  to  reading  error,  but  it  is  reasonable  to  expect  a 
deviation  of  no  more  than  +  5  pen  cent. 
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TEST 

NUMBER 

MAX. 

HEIGHT 

H 

(FT) 

1 

3.25 

2 

0.59 

3 

7.44 

4 

42.11 

5 

12.58 

6 

77.56 

7 

11.95 

8 

7.64 

9 

5.61 

10 

4.38 

11 

4.45 

TABLE  2  MAXIMUM  HEIGHTS  ATTAINED  BY  MODEL  PLUG 
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CALCULATED  AND  GRAPHICAL  RESULTS 
Plug- Response  Results.  In  aooord  with  the  governing  equa¬ 
tions  established  in  the  section  Energy-Partition  Analysis,  we 
express  the  first  and  seoond  derivatives  of  the  displacement 
funotion 


s  =  s  (t) 

as  the  velocity  and  acceleration  functions 

v  =  v  (t) 
a  =  a  (t) 

Substitution  of  these  plug- response  functions  into  the  equi¬ 
librium  equation  (3)  yields  the  pressure-displaoemeit  funotion 

P  -  P  (a) 

To  obtain  first  and  seoond  derivatives  of  a  funotion  expressed 
as  experimental  data,  extreme  oare  must  be  exercised  if  a 
reasonable  degree  of  aoouracy  is  to  be  achieved. 

The  following  is  the  step-by-step  procedure  used  to 
determine  the  plug- response  functions  for  each  test. 

1.  Experimentally  obtained  displacement-time  data, 

se  =  3e  (t) 

given  in  tables  B-l  through  B-ll  in  Appendix  B,  were  plotted  to 
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greatly  expanded  scales  to  form  graphs  with  nominal  dimensions 
of  8  X  8  feet.  A  smooth  ourve  drawn  through  these  points  beoame 
a  more  aocurate  representation  of  the  aotual  displacement  func¬ 
tion,  sinoe  random  reading  errors  were  attenuated.  New  displace¬ 
ment  data  were  obtained  from  this  smooth  ourve  for  equal  intervals 
of  time  and  are  presented  in  the  Calculated  Data  seotions  of 
tables  B-l  through  B-ll  with  the  notation  Sg,  where  the  subscript 
g  denotes  graphical  data.  It  is  noted  that  the  time  intervals 
have  been  varied  to  permit  a  more  oareful  delineation  in  regions 
of  rapidly  changing  slope.  In  any  given  region,  however,  the 
time  intervals  are  constant. 

2.  To  obtain  additional  smoothing  of  the  displacement 
data,  the  Oram  least-square  approximation,  given  in  reference 
(o),  was  used.  From  the  resultant  displacement  data,  the  first 
derivative  with  respect  to  time  was  taken.  A  modification  to 
the  Gram  method  was  made  that  allowed  the  data  smoothing  and 
first-derivative  oaloulations  to  be  made  in  one  step.  For  a 
least-square  fit  of  a  polynominal  of  degree  two  over  a  discrete 
range  of  five  equally  spaoed  points,  the  Gram  approximation 
beoomes 


2 

y(z)  =  ^2  br  Gr(z)  (8) 

rc=0 


where 
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b„  = 


2 

S  f(z)  G  ( z) 

Z—~eL  L 

2  2 

E  ,  4^ 

z=-2 


<Wz)  =  1 

G^i(z)  =  z/2 


G!=2U)  =  1/2  (z2  “2) 


Terms  that  require  additional  explanation  are  as  follows: 

z  .  Gram  method  coordinate 

f(z)  ...  graphically  smoothed  funotion 
y(z)  ...  resultant  smoothed  funotion. 

The  transformation  of  the  known  time  coordinate  t  to  the 
coordinate  z  is 

t  =  o  +  ez 

where 

o  ...  is  constant  equal  to  t  at  z  =  0 
e  ...  is  equal  time  interval  between  five  points 
and  z  takes  on  interger  values  of  -2,  -1,  0,  1,  and  2  for  the 
five  points.  Taking  the  derivative  of  this  equation  with 
respect  to  z  and  rearranging,  we  can  write 

dz  =  ^ 
e 
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From  this  relationship,  the  derivative  of  equation  (8)  with 
respeot  to  time  t  is 

e  4?  =  1/2  b  _  +  b  _  z 
dt  r=l  r=2 

If  we  elect  to  determine  the  derivative  at  z  =  0,  this  equation 
becomes 


Substituting  the  value  of  br=1,  we  can  write 

dy  _  2f (z-2)  4:  f  U=l)  -  ,f(z^l)_-_2f(2=-2)  (  ) 

dt  lde 

If  the  operations  of  equation  (9)  are  performed  on  the 
displacement-time  data  Sg,  calculated  values  of  velocity  may 
be  determined.  Such  velocity-time  data  are  given  in  tables 
B-l  through  B-ll  in  the  oolumn  denoted  by  vc,  where  the  subscript 
o  represents  oaloulated  data. 

3.  The  calculated  velooity-time  data 

v0  =  vc(t) 

were  also  plotted  to  greatly  expanded  scales.  Again  a  smooth 
ourve  was  drawn  through  the  points  to  obtain  greater  accuracy. 
From  the  smoothed  ourve,  new  velooity-time  data  were  obtained. 
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and  these  data  are  presented  in  tables  B-l  through  B-ll  in  the 
column  denoted  v  .  The  operations  of  equation  (9)  were  per- 

C> 

formed  on  these  velocity  data  to  obtain  calculated  acoeleration- 
time  data  given  in  tables  B-l  through  B-ll  in  the  ooluran  denoted 

ac* 

1+.  The  calculated  aooeleration-time  data 

a0  »  aQ(t) 

were  also  plotted  to  expanded  scales.  A  smooth  ourve  was  drawn 
through  the  points,  and  more  aoourate  acceleration  values  were 
obtained.  These  data  are  presented  in  tables  B-l  through  B-ll 
in  the  column  denoted  ag.  The  graphically  obtained  acceleration 
data  were  substituted  into  the  equilibrium  equation  (3)  to 
obtain  the  pressure- displacement  function 

P  =  p(s) 

The  values  of  this  funotion  are  presented  in  tables  B-l  through 
B-ll  in  the  column  denoted  p. 

Smoothed  ourves  for  the  graphically  obtained  displacement-, 
velocity-,  and  acceleration-time  data  are  shown  for  each  test  in 
figures  B-l  through  B-ll  found  in  Appendix  B.  Little  can  be 
said  oonoerning  the  acouracy  of  the  first  portion  of  these 
ourves,  for  the  plug  was  responding  to  shook  loading.  It  is 
noted  in  the  figures  that,  with  respect  to  the  shook  region,  the 
values  of  the  various  parameters  should  be  taken  as  qualitative 
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only.  Although  the  response  of  the  recording  system  was  not 
adequate  to  permit  accurate  monitoring  of  the  shook  phenomena, 
it  is  believed  that  aoouraoy  of  the  response  data  is  good  for 
the  equilibrium  conditions  following  the  shook  wave.  For  the 
equilibrium  region,  it  is  believed  that  the  displacement  data  are 
within  the  limit  of  +  1  per  cent  error,  the  velocity  data  within 
+  3  per  oent  error,  and  the  acceleration  data  within  +  5  per  cent 
error. 

Graphical  representations  of  the  pressure-displacement  data 
are  given  in  figures  B-12  through  B-18  found  in  Appendix  B. 

Here,  the  grouping  of  tests  was  ohosen  to  give  the  following 
comparisons. 

1.  Figure  B-12  gives  a  comparison  of  Tests  No.  7,  8,  9,  10, 
and  11  to  show  the  effects  of  water-to-air  ratio  on  pressure  for 
a  charge  weight  of  16  gm.  and  a  mass-per- frontal  area  of  0.102 
slugs/in2. 

2.  Figure  B-13  gives  a  comparison  of  Test3  No.  2  and  5  to 
show  the  effeots  of  water-to-air  ratio  on  pressure  for  a  charge 
weight  of  Uj.  gm.  and  a  mass-per- frontal  area  of  0.297  slugs/in2. 

3.  Figure  B-li;  gives  a  comparison  of  Tests  No.  3  and  6  to 
show  the  effeots  of  water-to-air  ratio  on  pressure  for  a  charge 
weigit  of  30  gm.  and  a  mass-per- frontal  area  of  0.102  slugs/in2. 
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4.  Figure  B-15  gives  a  comparison  of  Tests  No.  4  and  6  to 
show  the  effeots  of  charge  weight  on  pressure  for  a  water-to-air 
ratio  of  0  and  a  mass-per- frontal  area  of  0.102  slugs/in^. 

5.  Figure  B-16  gives  a  comparison  of  Tests  No.  1  and  3  to 
show  the  effeots  of  charge  weight  on  pressure  for  a  water-to-air 
ratio  of  0.171  and  a  mass-per- frontal  area  of  0.102  slugs/in^. 

6.  Figure  B-17  gives  a  comparison  of  Tests  No.  4  and  5  to 
show  the  effects  of  mass-per-frontal  area  on  pressure  for  a 
water-to-air  ratio  of  0  and  a  charge  weight  of  14  grams. 

7.  Figure  B-18  gives  a  comparison  of  Tests  No.  1  and  2  to 
show  the  effeots  of  mass-per- frontal  area  on  pressure  for  a 
water-to-air  ratio  of  0.171  and  a  charge  weight  of  14  grams. 

It  is  believed  that  the  pressure  data  represented  by  these 
ourve3  are  not  in  error  by  more  than  +  5  per  cent  for  the  near 
equilibrium  conditions  following  the  shock  phenomena. 

From  an  observation  of  the  pressure  curves  for  all  tests, 
we  note  that  a  more  significant  decay  of  pressure  existed  for 
high-pressure  levels  than  for  low  levels  and  that  a  residual 
pressure  continued  to  act  on  the  plug  after  it  had  completed 
the  power  stroke.  The  pressure  decay  can  be  explained  as 
excessive  gas  leakage  around  the  plug  for  high  pressures,  and 
the  residual  pressure  as  the  dynamic  pressure  resulting  from 
the  jet  of  gas  being  released  from  the  chamber  subsequent  to 


36 


NOLTR  62-155 

completion  of  the  power  stroke.  Appendix  C  gives  an  evaluation 
of  the  gas-jet  effect.  Since  pressure  leakage  prevented  any 
meaningful  conclusions  being  drawn  from  the  high-pressure  tests, 
any  trends  or  indications  had  to  be  obtained  from  the  low-pres¬ 
sure  tests.  Aside  from  the  obvious  effeots  of  water-to-air  ratio 
on  pressure,  these  tests  indicated  that  maxiram  equilibrium  pres¬ 
sure  was  approximately  proportional  to  oharge  weight  and  that  mass 
per- frontal  area  had  only  a  small,  if  any,  effeot  on  pressure. 

Mechanical -Energy  Results.  The  moat  accurate  method  of 
calculating  mechanioal  energy  is  given  by  equation  (5)>  which 
states 

ME  “  1  vf  +  m8sf  +  p  3f 

where  sf  is  a  known  quantity  equal  to  13.25  inches  or  l.lOlj  feet, 
and  v-f  corresponding  to  s^  can  be  obtained  from  the  velocity 
curves  given  in  figures  B-l  through  B-ll.  Test  No.  2  does  not 
lend  itself  to  this  analysis  as  the  plug  did  not  reaoh  sf; 
therefore,  the  values  of  s  and  v  to  be  used  here  are  the  maximum 
displacement  s  =  0.5891  feet  and  v  =  0.  For  each  test,  table  3 
presents  the  displacement  s^,  velocity  v^,  kinetic  energy  of 

til  2 

plug  2  vf  ,  potential  energy  of  plug  mgsf,  heat  lost  to  friction 
Fsf,  and  total  meohanical  energy  absorbed  by  plug  ME.  A  compar¬ 
ison  of  mechanioal  energy  and  maximum  potential  energy,  which  is 
determined  from  equation  (6)  and  the  maximum  height  data  in 
table  2,  is  given  in  table  4.  It  is  noted  from  this  comparison 
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1 


TEST 

NUMBER 

DISPLACEMENT 

VELOCITY 

KINETIC 
ENERGY 
OF  PLUG 

POTENTIAL 
ENERGY 
OF  PLUG 

HEAT 
LOSS  TO 
FRICTION 

MECHANICAL 

ENERGY 

Sf 

Vf 

ME 

(FT) 

(FT/SEC) 

(FT-LB) 

(FT-LB) 

(FT-LB) 

(FT-LB) 

1 

1.1042 

11.61 

66,3 

35.0 

2.2 

103.5 

2 

0.5091 

0 

0 

54.1 

1.2 

55.3 

3 

1.1042 

18.04 

174.6 

35.0 

2.2 

211.8 

4 

1.1042 

53.03 

1383.6 

35.0 

2.2 

1420.8 

5 

1.1042 

27.03 

1042.6 

101.5 

2.2 

1146.3 

6 

1.1042 

69.26 

2360.1 

35.0 

2.2 

2397.3 

7 

1,1042 

25.10 

311.9 

35.0 

2.2 

349.1 

8 

1.1042 

21.26 

222.4 

35.0 

2.2 

259.6 

9 

1.1042 

16.86 

139.9 

35.0 

2.2 

177.1 

10 

1.1042 

14.57 

104.4 

35.0 

2.2 

141.6 

11 

1.1042 

14.92 

109.5 

35.0 

2.2 

146.7 

TABLE  3  MECHANICAL  ENERGY  ABSORBED  BY  MODEL  PLUG 
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TEST 

NUMBER 

MAX. 

HEIGHT 

WEIGHT 

OF  PLUG 

POTENTIAL 

ENERGY 

MECHANICAL 

ENERGY 

H 

mg 

PE 

ME 

(FT) 

(LB) 

(FT-LB) 

(FT-LB) 

1 

3.25 

31.7 

103.0 

103.5 

2 

0.59 

91.9 

54.2 

55.3 

3 

7.44 

31.7 

235.8 

211.8 

4 

42.11 

31.7 

1334.9 

1420.8 

5 

12.58 

91.9 

1156.1 

1146.3 

6 

77.56 

31.7 

2458.7 

2397.3 

7 

11.95 

31.7 

378.8 

349.1 

8 

7.64 

31.7 

242.2 

259.6 

9 

5.61 

31.7 

177.8 

177.1 

10 

4.38 

31.7 

138.8 

141.6 

11 

4.45 

31.7 

141.1 

146.7 

TABLE  4  COMPARISON  OF  MECHANICAL  ENERGY 
AND  MAXIMUM  POTENTIAL  ENERGY 
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that  assumptions  concerning  friction  and  wind  losses  stated  in 
the  Energy-Partition  Analysis  section  are  valid,  for  their  effects 
are  included  in  the  average  +  5  per  cent  variation  between 
mechanical  energy  and  maximum  potential  energy  seen  in  table  ij.. 
Also  the  contribution  to  mechanical  energy  provided  by  the  gas 
jet  previously  described  must  be  negligible  for  it  too  is 
included  in  this  average  +  5  per  cent  variation. 

Explosive- Energy  Results.  The  procedure  outlined  in 
Appendix  A  wa3  used  to  determine  the  explosive  energy  for  the 
charge  weight  and  environmental  conditions  peculiar  to  each 
test.  Charge  weight,  air  weight,  products  of  combustion,  and 
explosive  energy  for  each  test  are  given  in  table  5.  The  accu¬ 
racy  of  these  results  is  dependent  upon  the  predictions  of 
oheraioal  reactions  under  transient  and  unstable  conditions  of 
extremely  high  pressure  and  temperatures.  There  exists,  however, 
good  agreement  (deviations  of  the  order  of  10  per  oent)  between 
the  explosive  energy  determined  by  this  type  of  prediction  and 
the  explosive  energy  obtained  experimentally  from  bomb- calori¬ 
meter-type  tests. 

Energy-Partition  Results.  The  energy  partition  for  each 
test  was  determined  by  substituting  into  equations  (7)  and  (1) 
corresponding  values  of  meohanical  energy  and  explosive  energy 
given  previously  in  tables  3  and  5»  These  energy-partition 
results  are  given  in  table  6  along  with  the  corresponding  values 
of  meohanioal  energy  and  explosive  energy.  Acouraoy  of  the 
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TEST 

CHARGE 

AIR 

MOLES 

MOLES 

MOLES 

MOLES 

EXPLOSIVE 

NUMBER 

WEIGHT 

WEIGHT 

h2o 

CO 

co2 

n2 

ENERGY 

Er 

(GM) 

(GM) 

(G-MOL) 

(G-MOL) 

(G-MOL) 

(G-MOL) 

(CAL) 

1 

13.9 

12.79 

0.1645 

0.1793 

0.1450 

0.4402 

24870 

2 

13.9 

12.79 

0.1645 

0.1793 

0.1450 

0.4402 

24870 

3 

30.0 

12.79 

0.3551 

0.6026 

0.0973 

0.5444 

39170 

4 

13.9 

14.98 

0.1645 

0.1769 

0.5002 

27020 

5 

13.9 

14.98 

0.1645 

0.1474 

0.1769 

0.5002 

27020 

6 

30.0 

14.98 

0.3551 

0.5707 

0.1292 

0.6043 

41320 

7 

16.2 

14.92 

0.1917 

0.2087 

0.1693 

0.5136 

29010 

8 

16.2 

14.85 

0.1917 

0.2098 

0.1682 

0.5115 

28940 

9 

16.2 

14.69 

0.1917 

0.2121 

0.1659 

0.5071 

28780 

10 

16.2 

14.54 

0.1917 

0.2142 

0.1638 

0.5032 

28640 

11 

16.2 

14.40 

0.1917 

0.2163 

0.1617 

0.4992 

28500 

TABLE  5  EXPLOSIVE  ENERGY 
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TEST 

MECHANICAL 

EXPLOSIVE 

ENERGY 

NUMBER 

ENERGY 

ENERGY 

PARTITION 

ME 

Er 

EP 

(FT-LB) 

(FT-LB) 

1 

103.5 

76800 

0.0013 

2 

55.3 

76800 

0.0007 

3 

211.8 

120900 

0.0018 

4 

1420.8 

83400 

0.0173 

5 

1146.3 

83400 

0.0139 

6 

2397.3 

127600 

0.0191 

7 

349.1 

89600 

0.0039 

8 

259.6 

89300 

0.0029 

9 

177.1 

88800 

0.0020 

10 

141.6 

88400 

0.0016 

11 

146.7 

88000 

0.0017 

TABLE  6  ENERGY  PARTITION 
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energy-partition  results  is  largely  dependent  upon  the  possible 
10  per  oent  error  of  the  explosive  energy  results.  With  the 
values  of  energy  partition  available,  an  evaluation  of  the 
effects  of  the  three  governing  parameters  on  energy  partition 
can  be  made. 

Graphical  representations  given  in  figure  9  show  the  varia¬ 
tion  of  energy  partition  with  water-to-air  ratio  for  the  tests 
utilizing  a  oharge  weight  of  approximately  16  grams  and  mass- 
per- frontal-area  ratios  of  0.102  and  0.297  slugs/in^.  It  is 
noted  that  values  of  energy  partition  for  the  lighter  plug  are 
greater  than  those  for  the  heavier  plug.  This  effect  of  varying 
the  mas s-per- frontal  area  is  to  be  expected  if  we  consider  the 
oonsequence  of  the  heavier  plug  requiring  more  time  to  traverse 
the  power  stroke  than  the  lighter  plug  for  similar  loading  condi¬ 
tions.  Here,  a  larger  pressure  deoay  results  for  the  longer  time 
duration  from  leakage  around  the  unsealed  plug,  and  more  heat 
is  lost  to  the  surrounding  walls.  This  larger  pressure  decay 
would  appear  as  a  decrease  in  mechanioal  energy  that  would  in 
turn  decrease  the  energy  partition. 

Graphical  representations  given  in  figure  10  show  the 
variation  of  energy  partition  with  water-to-air  ratio  for  the 
tests  utilizing  a  mas s-per- frontal  area  of  0.102  slugs/in^  and 
charge  weights  of  approximately  16  and  30  grams.  It  is  observed 
that  the  values  of  energy  partition  for  the  larger  charge  were 
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FIG.  9  VARIATION  OF  ENERGY  PARTITION  WITH  WATER-TO-AIR 
RATIO  FOR  TWO  VALUES  OF  MASS-PER-FRONTAL  AREA 


TEST 
NO.  6 
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WATER-TO-AIR  RATIO  X  10^  (VOL/VOL) 

FIG.  10  VARIATION  OF  ENERGY  PARTITION  WITH  WATER-TO-AIR 
RATIO  FOR  TWO  VALUES  OF  CHARGE  WEIGHT 


NOLTR  62-155 

greater  than  those  for  the  smaller  oharge.  Sinoe  the  pressure 
loading  for  the  small  oharge  was  lower  than  that  for  the  large 
oharge,  the  test  duration  was  longer  for  the  small-charge  test. 
Although  gas  pressure  and  temperature  were  higher  for  the  large- 
oharge  case  than  for  the  small-charge  case,  it  is  believed  that 
gas  leakage  and  heat  transfer  to  the  simulant  walls  for  the 
longer  duration  test  were  the  overriding  faotors  responsible  for 
the  decrease  in  energy  partition. 

From  figures  9  and  10  it  is  observed  that  water-to-air 
ratio  had  a  marked  effect  on  energy  partition.  Energy-partition 
ratios  for  the  extreme  values  of  water-to-air  ratio,  0  and  0.171, 
differed  by  a  factor  of  approximately  12.  It  is  noted  that  the 
addition  of  only  32  00  of  water  reduced  energy  partition  from 
0.0173  (Test  No.  4)  to  0.0039  (Test  No.  7)»  a  factor  greater 
than  four.  Also  for  water-to-air  ratios  greater  than  0.03, 
energy  partition  appeared  nearly  constant. 

Energy-Absorption  Meohanisms.  For  all  the  experiments,  the 
mechanioal  energy  absorbed  by  the  plug  represented  only  a  small 
portion  of  the  total  explosive  energy.  The  remainder  was 
absorbed  by  the  surroundings  in  some  manner.  It  is  postulated 
here  that  the  total  explosive  energy  was  manifested  largely  in 
the  forms  of  kinetic  energy  of  the  water;  strain  energy  and 
kinetio  energy  of  the  reactor- vessel  simulant;  heat  added  to  the 
enolosed  gas;  and  heat  transferred  to  the  water,  reaotor-vessel 
simulant,  and  secondary-shield  simulant  by  oonduotion, 
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oonvection,  and/or  radiation.  The  following  paragraph  oonsists 
of  brief  statements  concerning  the  signifioanoe  and  possible 
method  of  oaloulation  of  each  of  the  above  energy  absorbers. 

The  initial  shook  wave  emitted  from  the  explosion  gave 
motion  to  the  water  casing.  This  motion  was  the  result  of  the 
particle  velocity  of  water  following  a  shook  wave.  Reference 
(d)  gives  values  of  particle  velooity  as  a  funotion  of  pressure 
for  the  case  of  an  infinite  water  medium.  Sinoe  pressure  at  the 
shook  front  decreased  with  distanoe  from  the  charge  and  sinoe 
pressure  behind  the  shook  front  decreased  exponentially  with 
time,  particle  velocity  varied  through  the  water  casing.  If 
we  consider  the  entire  water  oasing  traveling  at  a  mean  partiole 
velocity,  then  the  total  kinetic  energy  of  the  casing  was 

1  2 
2  “w  vp 

where 

...  is  mass  of  water  casing,  slugs 
vp  ...  is  mean  partiole  velocity,  ft/sec 

The  shook  wave  imparted  energy  to  the  reactor-vessel  simulant 
by  means  of  fracture  and  motion.  It  is  assumed  that  the  frag¬ 
ments  of  the  simulant  resulting  from  fraoture  moved  with  the 
mean  partiole  velooity  of  the  water.  Methods  of  approximating 
both  the  kinetic  energy  and  strain  energy  of  the  simulant  are 
given  in  Appendix  D.  Following  the  shock  phenomena  there  exists 
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a  static  equilibrium  pressure  in  the  chamber  that  causes  the 
model  plug  to  move  subsequent  to  whatever  motion  has  been 
imparted  by  the  shock  wave.  This  pressure  is  the  result  of 
mixing  the  hot,  expanding  explosive  gas  produots  with  the  ini¬ 
tial  ohamber  gas.  We  elect  to  define  that  portion  of  the 
explosive  energy  that  remains  in  this  final  gas  mixture  as  the 
heat  added  to  the  enclosed  gas  (explosive  products  plus  initial 
gas) .  A  method  of  estimating  the  heat  added  is  given  in 
Appendix  D.  Since  the  heat  transfer  to  the  previously  listed 
surroundings  is  largely  unknown  for  the  turbulent  and  transient 
conditions  found  within  the  secondary-shield  simulant,  the 
various  heat-transfer  absorptions  are  lumped  together  and 
denoted  as  energy  losses.  The  magnitude  of  these  losses  is 
determined  by  subtracting  the  summation  of  the  previously 
described  absorptions  from  the  total  explosive  energy. 

In  the  section  Sample  Calculations  of  Appendix  D,  estimates 
of  the  various  energy  absorptions  are  given  for  the  conditions 
of  Test  No.  8.  It  was  found  that  the  kinetic  energy  of  the 
water  casing  was  9,370  calories,  the  kinetic  energy  of  the 
reactor- vessel  simulant  was  4»4^0  calories,  the  strain  energy 
of  the  simulant  was  130  calories,  the  heat  added  to  the  gas  was 
740  calories,  and  the  energy  losses  were  14,290  calories.  Prom 
these  estimates  we  see  that  kinetic  energy  of  the  water  casing 
and  the  simulant  may  account  for  nearly  50  per  cent  of  the  total 
28,91+0  calories  released  by  the  charge.  Although  the  values  of 
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these  energy  absorptions  are  only  estimates,  motion  given  to  the 
water  casing  and  the  reactor-vessel  simulant  appears  to  be  an 
effective  energy- absorption  mechanism. 
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SUMMARY  AND  CONCLUSIONS 

Summary.  The  governing  parameters  of  energy  partition 
resulting  from  the  detonation  of  a  water-oased  explosive  sur¬ 
rounded  by  air  in  a  closed  piston- fitted  vessel  have  been 
postulated  to  be 

1.  charge  weight  and  composition. 

2.  water-to-air  ratio. 

3.  ma3s-per- frontal  area. 

!|.  length  of  power  stroke. 

5.  temperature  of  water. 

6.  temperature  of  seoondary-shield-simulant  walls. 

7.  temperature  of  enclosed  air. 

8.  size  and  configuration  of  secondary-shield  simulant. 

Analytic  equations  expressing  the  energy  partition  result¬ 
ing  from  model-plug  response  to  simulated  excursion- type  loadings 
have  been  established.  A  test  apparatus  for  the  conduct  of 
energy-partition  experiments  has  been  constructed,  and  eleven 
experiments  have  been  conducted.  These  experiments  were 
designed  to  investigate  the  effects  of  the  three  parameters, 
water-to-air  ratio,  charge  weight,  and  mass-per- frontal  area, 
on  energy  partition.  Methods  of  reducing  experimentally 
obtained  data  to  forms  required  for  use  in  the  analytic  equa¬ 
tions  have  been  formulated.  Possible  energy- absorption 
meohanisras  have  been  examined  and  qualitatively  analyzed  to 


50 


NOLTR  62-155 

determine  their  relative  effectiveness.  All  experimental,  oal- 
oulated,  and  graphical  results  pertinent  to  the  technical 
objectives  have  been  presented  in  tabular  and  graphical  forma  in 
considerable  detail. 

Conclusions.  The  experimental,  calculated,  and  graphical 
data  and  results  presented  in  this  report  constitute  the  sole 
basis  for  the  following  conclusions. 

1.  The  parameter  water-to-air  ratio  ha3  a  marked  effeot  on 
energy  partition.  Comparing  values  of  energy  partition  from 
table  6  for  Tests  No.  I4.  and  1,  we  see  that  for  the  extreme  water- 
to-air  ratio  of  O.171  the  energy  partition  was  reduced  by  a 
factor  greater  than  12.  From  the  consistency  and  symmetry 

of  the  data  that  constitute  the  plot  shown  in  figure  9,  it  is 
concluded  that  for  increasing  values  of  water-to-air  ratio 
within  the  region  of  0  to  0.171,  energy  partition  will  decrease. 

2.  Effeots  of  oharge  weight  and  mass-per- frontal  area  on 
energy  partition  are  small  for  the  subject  experiments.  Decreas¬ 
ing  the  oharge  weight  and  increasing  the  mass-per- frontal  area 
resulted  in  slight  decreases  of  energy  partition.  Exoessive  gas 
leakage  prevented  a  precise  evaluation  of  these  two  parameters. 

3.  From  qualitative  analyses  of  the  postulated  energy 
absorptions  for  the  conditions  of  Test  No.  8,  motion  given  to 
the  water  casing  and  reactor- vessel  simulant  appears  as  a 
probable  and  significant  energy- absorption  mechanism. 
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It  is  to  be  emphasized  that  these  conclusions  are  valid 
only  for  the  subject  model  experiments,  and  no  statement, 
qualitative  or  quantitative,  oan  be  made  at  this  time  that  would 
apply  to  a  full-scale  reactor  plant.  However,  the  following 
meaningful  statements  oan  be  made  concerning  applicability  of 
the  solution  of  the  subject  energy-partition  problem  to  the 
Enrico  Fermi  and  other  nuclear  power  facilities. 

1.  If  additional  experiments  designed  to  investigate  all 
the  governing  parameters  are  oonduoted  In  an  improved  meohanism 
Incorporating  a  sealed  model  plug,  if  the  effectiveness  of  water 
as  a  simulant  for  sodium  Is  determined,  and  if  the  effect  of  the 
governing  parameters  on  energy  partition  are  investigated 
through  soaled-up  model  experiments,  then  a  general  solution 
applicable  to  the  Fermi  plant  oan  be  achieved. 

2.  Not  only  would  the  results  from  these  additional  experi¬ 
ments  be  directly  applicable  to  the  Fermi  plant,  but  they  would 
also  serve  as  valuable  design  data  for  future  nuclear  power 
plants  utilizing  the  basic  ooncepts  of  the  Fermi  plant  design. 
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FUTURE  WORK 

An  extensive  experimental  program  is  currently  being 
planned  to  investigate  the  eight  governing  parameters  given  in 
the  previous  section.  Where  appropriate,  several  parameters 
will  be  modified  to  include  molten  sodium  as  the  explosive  cas¬ 
ing  and  oxygen- depleted  air  as  the  gas  enolosed  within  the 
secondary-shield  simulant.  Experiments  will  be  conducted  using 
sodium  casings  at  temperatures  up  to  850°F,  enolosed  gas  at 
temperatures  up  to  200°F  or  more,  and  seoondary-shield-simulant 
walls  at  temperatures  up  to  200 °F  or  more.  The  need  for  oxygen- 
depleted  air  within  the  simulant  is  to  eliminate  any  chemical 
reactions  with  the  molten  sodium  that  could  release  energy. 

An  improved  test  apparatus  is  being  designed  with  secondary- 
shield-simulant  dimensions  identical  to  those  of  the  apparatus 
described  herein.  Aside  from  design  considerations  that  will 
facilitate  oonduot  of  the  new  experiments,  improved  features 
such  as  a  sealed  model  plug  and  a  greatly  extended  power  stroke, 

6  feet  in  length,  will  be  incorporated  into  the  new  mechanism. 
Still  another  test  meohanism  is  being  designed  with  secondary- 
shield  simulant  dimensions  twice  those  of  the  simulant  described 
herein.  Experiments  in  this  double-scale  apparatus  will  indicate 
the  effects  of  scaling  on  energy  partition. 

To  complete  the  experimental  program,  .a  large  number  of 
tests  will  be  required,  if  the  energy  partition  and  the  pressure- 
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displacement  funotion  were  determined  for  this  large  number  of 
tests  in  acoord  with  the  procedure  outlined  in  the  section 
Calculated  and  Graphical  Results,  an  inordinately  large  effort 
would  be  expended  in  analyzing  film  and  reducing  data.  It  is 
desirable,  then,  to  correlate  these  parameters  with  a  knowledge 
of  the  maximum  height  of  plug  travel  which  is  easily  and  simply 
obtained.  A  possible  method  of  correlation  for  the  new  experi¬ 
ments  is  given  in  Appendix  E. 

For  all  of  the  experiments  reported  herein.  It  was  assumed 
that  the  reaotor  vessel  will  rupture  non-marginally  for  the 
1000-pound  TNT  accident.  Fundamental  containment  studies  on 
model  reactor  vessels  conducted  by  NOL  and  reported  in  reference 
(e)  Indicate  that  this  assumption  may  not  be  valid,  particularly 
for  slower  energy  releases.  If  containment  of  the  Fermi  vessel 
did  ooour,  a  greater  plug-jump  would  necessarily  result.  There¬ 
fore,  it  is  imperative  that  the  containment  potential  of  the 
Fermi  vessel  be  established  if  a  meaningful  missile-hazard 
analysis  is  to  be  achieved. 

It  is  believed  that  the  experimental  program  briefly 
described  in  this  section  will  determine  the  general  character 
of  the  subject  energy  partition  and,  hence,  aohieve  the  solution 
to  the  missile-hazard  problem  created  by  response  of  the  shield 
plug  In  the  Fermi  plant  to  possible  excursion  loading. 
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APPENDIX  A 

Method  of  Calculating  Energy  Released  by  Explosive 

Combustion  products  resulting  from  the  detonation  of 
the  pentolite  oharge  and  from  the  afterburning  of  explosive  gas 
with  the  surrounding  air  must  be  determined.  The  ohemioal 
composition  of  pentolite  is  50  per  cent  PETN  and  50  per  oent  TNT 
by  weight.  The  ohemioal  formulas  for  these  two  explosive 
compounds  are 

PETN  ...  C^HgN^0-^2 
TNT  . . .  C^H^N^O^ 

An  arbitrary  chemical  equation  representing  the  reaction  is 

(0SH8Vl2  +  0  W3°6> 

(0.79  N2  +  0.21  02)  - - 

(o)  C02  +  (d)  N2 

where 

a,  b,  c,  d  ...  are  constants. 

The  number  of  moles  of  each,  product  (H20,  CO, 
and  C02)  is  multiplied  by  the  respective  heat  of  formation 
of  each  produot  for  the  conditions  of  one  atmosphere  pressure  and 
25 °C  temperature.  A  summation  of  these  heats  of  formation  less 
the  heat  of  formation  of  the  explosive  compound  is  the  energy 
released  for  the  conditions  of  one  atmosphere  and  25°C.  However, 


charge  weight  (gm) 

632 

+  air  weight  ( gm) 

2§.8k 

(a)  H£0  +  (b)  CO  + 
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a  correction  must  be  made  to  account  for  a  constant  volume  prooess. 
Analytically  expressed,  the  corrected  explosive  energy  is 

Er  as  Ep  -  Ee  +  AnRT 

where 

Er  ...  is  explosive  energy  {taken  positive),  cal 
Ep  ...  is  summation  of  heats  of  formation  of  gas 

products  (taken  positive),  oal 
Ee  ...  is  heat  of  formation  of  explosive  charge 
(taken  positive),  oal 

An  . . .  is  the  change  of  moles  of  gas  produots,  g-raol 
R  ....  is  universal  gas  oonstant,  oal/g-mol  °K 
T  ....  is  temperature  at  standard  conditions,  °K 

We  take  the  respective  heats  of  formation  of  PETN  and  TNT  to  be 
125,000  cal/g-mol  and  17,800  oal/&-mol. 

Values  of  the  combustion  products  and  explosive  energy  for 
each  experiment  are  presented  in  the  text  in  table  5. 


A-2 


NOLTR  62-155 


APPENDIX  B 

Tables  and  Graphs  of  Model-Plug  Response  Data 

The  following  is  a  list  of  tables  and  graphs  given  in  this 
appendix  in  order  of  presentation. 

1.  Tables  B-l  through  B-ll  give  model-plug  response  data 
for  each  of  the  eleven  tests. 

2.  Figures  &-1  through  B-ll  give  graphioal  representations 
of  model-plug  response  data  for  each  of  the  eleven  tests. 

3.  Figures  B-12  through*  B-18  give  graphioal  representa¬ 
tions  of  pres sure- displacement  functions  for  the  various  tests. 

The  notations  used  to  identify  the  various  parameters  are 
as  follows. 

t  ....  time,  msec 

s e  ...  experimentally  obtained  displacement,  ft 

Sg  ...  graphically  obtained  displacement,  ft 

v0  ...  calculated  velocity,  ft/sec 

Vg  ...  graphically  obtained  velooity,  ft/sec 

a0  ...  calculated  aooeleration,  ft/seo2 

ag  ...  graphically  obtained  aooeleration,  ft/sec2 

p  ....  calculated  pressure,  psig 
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TABLE  B-l  MODEL- PLUG  RESPONSE  DATA  FOR  TEST  NO.  I 


EXPERIMENTAL  DATA 

CALCULATED  DATA 

TIME 

DISPLACE¬ 

MENT 

TIME 

DISPLACE¬ 

MENT 

VELOCITY 

VELOCITY 

ACCEL¬ 

ERATION 

ACCEL¬ 

ERATION 

PRESSURE 

t 

se 

t 

sg 

Vc 

.  V9 

®c 

®g 

P 

(MSEC) 

(FT) 

(MSEC) 

(FT) 

(FT/SEC) 

(FT/SEC) 

(FT/SEC2) 

(FT/SEC2) 

(PSIG) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.41 

0.0031 

0.05 

- 

- 

- 

J 

19500 

19500 

1992.5 

0.82 

0.0043 

0.10 

- 

. . 

1.95 

- 

7100 

727.7 

1.22 

0.0000 

1  '' 

1 

- 

1 

- 

1 

2600 

2400 

248.3 

1.63 

0.0031 

- 

- 

2.47 

1600 

1600 

166.7 

2.04 

0.0098 

0.40 

- 

_ 

2.58 

1050 

1180 

123.9 

2.44 

0.0067 

0.50 

0.0013 

2.80 

2.69 

950 

970 

102.4 

2.85 

0.0080 

0.60 

- 

- 

2.77 

845 

89.7 

3.26 

0.0117 

0.70 

- 

2.85 

750 

771 

82.1 

3.67 

0.0098 

- 

2.92 

712 

76.1 

4.07 

0.0129 

1  1 

. 

- 

2.98 

674 

72.2 

1 

1 

0.0028 

3.06 

3.05 

- 

637 

68.5 

4.89 

■ 

| 

0.0044 

3.30 

3.31 

534 

535 

58.1 

5.29 

0.0190 

3.50 

3.56 

464 

489 

53.4 

5.70 

2.50 

■ 

3.70 

3.77 

458 

50.2 

6.11 

0.0227 

3.00 

0.0098 

3.90 

3.98 

■ 

406 

424 

46.7 

6.51 

0.0282 

3.50 

0.0118 

4.14 

1 

394 

392 

43.5 

6.92 

0.0301 

4.00 

0.0139 

4.36 

1 

372 

361 

7.  13 

0.0331 

4.50 

0.0162 

4.52 

1 

354 

331 

37.2 

7.73 

5.00 

0.0105 

4.72 

4.72 

330 

302 

34.3 

8.14 

0.0344 

5.50 

0.0208 

4.86 

4.89 

314 

277 

31.8 

8.55 

0.0393 

6.00 

0.0234 

5.06 

5.03 

284 

249 

28.9 

8.95 

0.0417 

6.50 

0.0259 

5.24 

5.19 

250 

224 

26.3 

9.26 

0.0460 

7.00 

0.0286 

5.32 

_ 

5.28 

200 

201 

24.0 

9.76 

0.0442 

7.50 

0.0313 

5.44 

5.39 

158 

179 

21.7 

10.17 

0.0479 

8.00 

0.0340 

5.43 

140 

160 

19.8 

10.58 

0.0515 

1 

0.0368 

1 

5.51 

120 

141 

17.9 

10.98 

0.0540 

■ 

i 

0.0396 

■ 

■ 

5.57 

118 

126 

16.4 

11.39 

0.0552 

9.50 

0.0424 

5.70 

5.62 

100 

112 

14.9 

11.79 

0.0589 

10.00 

0.0453 

5.72 

5.67 

94 

101 

13.8 
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TABLE  B-l  CONTINUED 


12.20 

0.0595 

10.5 

0.0482 

r 

- 

5.71 

90 

- 

- 

12.60 

0.0614 

II 

■ 

5.00 

5.76 

86 

06.0 

12.2 

13.01 

0.0614 

12 

I 

5.86 

5.84 

75 

75.4 

11.2 

13.41 

0,0663 

13 

0.0628 

5.92 

5.91 

69 

70.8 

10.7 

13.82 

0.0663 

14 

0.0607 

5.97 

5.97 

65 

67.7 

10.4 

14.22 

0.0693 

15 

0.0747 

6.03 

6.04 

63 

66.0 

10.2 

14.53 

1 

16 

0.0808 

6.12 

6.10 

64 

65.1 

10.1 

15.03 

1 

17 

0.0869 

6.10 

6.16 

63 

64.7 

10.1 

15.44 

0.0749 

18 

0.0932 

6.11 

6.23 

65 

64.7 

10.1 

15.84 

1 

19 

0.0990 

- 

6.29 

65 

64.7 

10.1 

16.25 

1 

20 

0.1053 

6.36 

63 

64.6 

10.1 

16.65 

0.0847 

21 

- 

- 

6.42 

- 

- 

“ 

17.87 

0.0920 

22 

0.1173 

6.35 

6.48 

65 

64.6 

10.1 

19.08 

0.1000 

24 

0.1308 

6.57 

6.62 

66 

64.6 

10.1 

20.26 

0. 1074 

26 

0.1440 

6.71 

6.75 

65 

64.5 

10.1 

21.50 

0.1154 

28 

0.1576 

6.72 

6.88 

64 

64.5 

10.1 

22.71 

30 

6.79 

7.00 

64 

64.5 

10.1 

23.92 

0.1301 

32 

| 

6.90 

i 

63 

64.4 

10.1 

25.13 

0.1393 

34 

0.1984 

7.00 

7;  26 

65 

64.4 

10.1 

26.34 

36 

■ 

7.28 

7.38 

65 

64.4 

10.1 

27.55 

38 

1 

7.37 

7.52 

65 

64.3 

10.1 

28.76 

0. 1632 

40 

0.2427 

7.48 

65 

64.2 

10.0 

30.77 

0.1736 

42 

0.2572 

7.58 

7.77 

65 

63.9 

10.0 

32.78 

0.1896 

1 

44 

1 

7.72 

7.90 

66 

63.5 

10.0 

34.79 

0.2043 

1 

46 

0.2003 

7.93 

0.04 

66 

63.0 

9.9 

36.79 

0.2197 

40 

0.3043 

i 

8.05 

0.17 

65 

62.3 

9.9 

38.79 

0.2332 

0.3200 

i 

8.21 

0.29 

63 

61.5 

9.8 

41.80 

0.2503 

52 

0.3371 

8.35 

8.42 

63 

60.7 

9.7 

42.80 

0.2700 

1 

E9 

I 

0.3540 

0.49 

mm 

62 

60.0 

9.6 

45.99 

0.2890 

1 

1 

1 

0.3712 

8.66 

61 

59.3 

9.5 

47.99 

0.3025 

■ 

■ 

0.3886 

wesm 

60 

58.6 

9.5 

49.98 

0.3166 

1 

EM 

0.4064 

i 

■SI 

1 

■ 

58 

57.0 

9.4 

51.97 

0.3375 

1 

0.4252 

i 

i 

9.02 

i 

56 

9.3 

53.96 

0.3522 

64 

0.4439 

9.44 

9.13 

54 

56.5 

9.3 

55.95 

0.3731 

66 

0.4630 

9.23 

54 

55.8 

9.2 

KB 

0.3870 

68 

0.4019 

9.60 

mm 

■ 

53 

55.0 

9.1 
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59.92 

0.4019 

70 

0.5012 

9.70 

9.45 

53 

54.3 

9.0 

61.90 

0.4234 

72 

0.5208 

9.77 

9.55 

51 

53.6 

9.0 

63.80 

0.4442 

74 

0.5405 

9.79 

50 

52.9 

8.9 

65.86 

0.4633 

76 

1 

9.77 

1 

50 

52.2 

8.8 

67.83 

0.4798 

78 

H 

9.79 

9.85 

50 

51.4 

8.7 

69.81 

0.4964 

80 

0.5990 

9.81 

9.95 

50 

50.7 

8.7 

71.78 

0.5197 

82 

0.6188 

9.84 

■ 

50 

50.0 

8.6 

73.75 

0.5387 

84 

0.6383 

9.97 

■ 

49 

49.3 

8.5 

75.72 

0.5590 

86 

0.6582 

10.06 

10.25 

48 

48.6 

8.5 

77.68 

0.5786 

88 

0.6790 

10.34 

46 

47.9 

8.4 

79.65 

90 

0.6990 

10.35 

■ 

45 

47.2 

8.3 

81.61 

0.6142 

92 

0.7200 

10.52 

45 

46.5 

8.2 

83.18 

0.6289 

1 

10.61 

45 

45.8 

8.2 

85.14 

0.6486 

96 

■ 

10.70 

45 

45.1 

8.1 

87.49 

0.6762 

98 

0.7833 

10.64 

10.79 

45 

44.3 

8.0 

89.44 

0.6958 

0.8046 

10.88 

44 

43.6 

7.9 

91.40 

0.7185 

0.8263 

10.97 

43 

42.8 

7.9 

93.37 

0.7357 

104 

11.08 

11.05 

42 

42.2 

7.8 

95.30 

0.7541 

106 

11.12 

11.13 

42 

41.5 

7.7 

97.25 

0.7780 

108 

0.8931 

11.13 

11.22 

41 

40.8 

7.7 

99.19 

0.7995 

110 

0.9153 

■ 

11.21 

11.30 

40 

40.1 

7.6 

101.14 

0.8247 

112 

0.9378 

11.33 

11.37 

39 

39.3 

7.5 

103.08 

114 

0.9606 

11.42 

11.45 

38 

38.2 

7.4 

105.02 

0.8584  . 

116 

0.9837 

11.53 

38 

35.9 

7.2 

106.96 

0.8824 

1.0065 

31 

30.0 

6.6 

108.90 

0.9063 

120 

1.0298 

20 

19.2 

5.5 

110.83 

0.9253 

122 

11.71 

6 

9.4 

4.5 

112.76 

124 

1 

11.68 

-  8 

-  8.8 

2.2 

114.69 

0.9646 

126 

1 

-  17 

-15.4 

1.5 

116.62 

0.9873 

128 

1.1232 

11.58 

11.61 

-  21 

-19.0 

1.2 

118.53 

1.0094 

1.1462 

11.57 

11.56 

■ 

-21.0 

0.9 

120.48 

1.0331 

EH 

1.1696 

11.50 

11.52 

|; 

0.8 

122.40 

1.0566 

134 

1.1925 

11.43 

11.47 

-  23 

| 

0.7 

124.32 

1.0787 

136 

1.2150 

11.31 

11.42 

-23 

-23.8 

0.7 

126.24 

1.1020 

136 

1.2378 

11.28 

11.38 

-22 

-24.5 

0.6 

128. 16 

1.1253 

140 

1.2600 

11.27 

11.34 

-23 

-25.3 

0.5 
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130.08 

1.1480 

142 

1.2028 

11.25 

11.29 

-25 

-25.9 

0.4 

132.00 

1.1646 

144 

1.3052 

11.27 

11.24 

-27 

-26.6 

0.4 

133.90 

1.1898 

146 

1.3277 

11.17 

11.18 

-27 

-27.3 

0.3 

135.81 

mm 

1 

148 

1.3502 

■El 

11.13 

-  27 

-28.0 

0.2 

137.72 

1 

150 

1.3720 

10.99 

11.08 

-20 

-28.6 

0.2 

139.63 

1.2579 

152 

1.3939 

10.92 

11.02 

-29 

-29.3 

0.1 

141.53 

1.2818 

154 

1.4157 

10.90 

10.96 

-  30 

-29.9 

0.0 

143.44 

1.2990 

■■1 

1.4375 

10.88 

10.90 

-30 

-30.5 

0.4 

145.34 

1.3205 

tm 

1.4592 

10.88 

10.84 

-31.0 

0.4 

147.24 

1.3383 

160 

1.4809 

10.83 

10.78 

-  31 

-31.5 

0.3 

149.13 

162 

1.5028 

10.75 

10.72 

-  33 

-32.0 

0.3 

164 

1.5240 

10.60 

10.65 

-33 

-32.4 

0.3 

166 

1.5451 

10.58 

-  34 

-32.8 

0.2 

154.81 

1.4236 

168 

1.5665 

10.52 

-34 

-33.2 

0.2 

156.33 

1.4395 

170 

10.45 

-33 

—  33.4 

0.2 

158.59 

1.4677 

172 

10.38 

-  34 

—  33.5 

0.1 

162.36 

1.5064 

174 

1.6290 

10.33 

—  34 

-33.5 

0.1 

166.12 

176 

1.6494 

10.24 

■ 

-33 

-33.5 

0.1 

169.88 

178 

1.6690 

10.20 

- 

- 

- 

173.25 

1.6217 

180 

1.6901 

10.13 

10.12 

- 

- 

- 

177.37 

1.6622 

102 

1.7106 

10.11 

- 

- 

- 

- 

181.10 

1.6978 

184 

1.7303 

10.10 

- 

- 

- 

- 

186 

1.7508 

10.08 

- 

- 

- 

- 

188.54 

1.7721 

1 

108 

1 

10.06 

■ 

- 

- 

- 

191.25 

1.8120 

■ 

190 

1 

9.89 

■ 

i 

- 

- 

- 

1 

192 

1.8108 

9.72 

- 

- 

- 

- 

199.65 

1.8801 

194 

1.0290 

9.39 

- 

- 

- 

- 

mm 

196 

1.8488 

8.88 

- 

- 

- 

- 

207.02 

1.9242 

198 

1.8659 

8.14 

- 

- 

- 

- 

200 

_ 

1.8015 

_ 

7.17 

-  ' 

' 

- 
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TABLE  B-2  MODEL- PLUG  RESPONSE  DATA  FOR  TEST  NO.  2 


EXPERIMENTAL  DATA 

CALCULATED  DATA 

TIME 

DISPLACE¬ 

MENT 

1 

TIME 

1 

■fit 

1 

E 

1 

ACCEL¬ 

ERATION 

1 

PRESSURE 

t 

se 

1 

t 

1 

■ 

vg 

■ 

3C 

a3 

P 

(MSEC) 

(FT) 

(MSEC) 

(FT) 

(FT/SEC) 

(FT/SEC2) 

1 

(PSIG) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.41 

0.0023 

0.05 

- 

- 

- 

10000 

10000 

2969.8 

0.82 

0.0008 

0.1 

- 

- 

1.000 

- 

5700 

1697.0 

1.24 

0.0000 

0.2 

- 

- 

1.103 

2440 

600 

187.4 

1.65 

0.0015 

0.3 

- 

- 

1.136 

377 

230 

77.8 

20.6 

0.0060 

0.4 

- 

- 

1.152 

164 

140 

51.2 

2.47 

0.0030 

0.5 

0.0006 

1.20 

1.164 

105 

110 

42.3 

2.88 

0.0053 

0.6 

- 

- 

75 

90 

36.4 

3.30 

0.0015 

0.7 

- 

- 

1 

55 

70 

30.5 

3.71 

0.0030 

- 

- 

1.102 

51 

58 

26.9 

4.12 

0.0060 

0.9 

- 

- 

1.106 

- 

40 

24.0 

4.53 

0.0068 

1.0 

0.0012 

1.20 

1.193 

- 

41 

21.9 

4.94 

0.0053  ' 

1.5 

•  .  - ■ 

1.20 

- 

- 

- 

- 

5.35 

0.0075 

2.0 

1.16 

- 

35 

20.1 

5.77 

0.0053 

2.5 

0.0030 

1.10 

- 

- 

- 

6.18 

0.0121 

3.0 

0.0035 

1.20 

1.202 

40.4 

33 

19.5 

6.59 

0.0075 

3.5 

0.0042 

1.26 

- 

- 

- 

- 

7.00 

0.0098 

4.0 

0.0048 

1.34 

1.321 

37.1 

32 

19.2 

7.41 

0.0113 

4.5 

0.0055 

■ 

- 

- 

- 

- 

7.82 

0.0098 

5.0 

0.0062 

1.355 

34.9 

30 

18.6 

8.24 

0.0113 

5.5 

■ 

1.34 

- 

- 

- 

- 

8.65 

0.0106 

6.0 

■ 

1.36 

1.390 

32.3 

30 

18.6 

9.06 

0.0121 

6.5 

0.0082 

1.40 

- 

- 

- 

- 

9.47 

0.0106 

7.0 

0.0089 

1.40 

29.5 

29 

18.3 

9.88 

0.0121 

7.5 

0.0096 

1.44 

i^ggiSB 

- 

- 

- 

10.29 

0.0128 

8.0 

0.0103 

1.46 

1.449 

25.9 

28 

18.0 

10.71 

0.0136 

'8.5 

0.0111 

- 

- 

- 

- 

- 

11.12 

0.0113 

9.0 

■1 

1.35 

1.473 

- 

25 

17.2 

11.53 

0.0136 

10 

0.0130 

1.19 

1.494 

24 

16.9 

11.94 

0.0151 

11 

0.0143 

1.28 

- 

- 

- 

- 

12.35 

0.0181 

12 

0.0150 

1.43 

1.534 

10.05 

10.1 

15.1 
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12.76 

0.0204 

13 

0.0172 

1.55 

- 

- 

- 

- 

13.17 

0.0204 

14 

0.0187 

1.66 

1.567 

15.25 

15.2 

14.3 

13.59 

0.0173 

15 

0.0202 

1.51 

- 

- 

- 

- 

14.00 

0.0181 

16 

0.0218 

1.46 

1.593 

12.70 

13.2 

13.7 

14.41 

0.0211 

17 

0.0232 

- 

- 

- 

- 

- 

14.82 

0.0204 

18 

0.0245 

1.53 

1.617 

\mm 

SHU 

13.2 

15.23 

0.0211 

20 

0.0279 

1.56 

1.636 

9.05 

10.4 

12.0 

15.64 

0.0241 

22 

0.0309 

1.65 

1.656 

0.90 

9.4 

12.5 

16.05 

0.0219 

24 

0.0342 

1.69 

1.672 

9.00 

8.5 

12.3 

16.46 

0.0219 

25 

- 

- 

1.680 

- 

- 

- 

16.88 

0.0226 

26 

0.0378 

1.69 

1.688 

8.00 

7.7 

12.0 

17.29 

0.0287 

28 

0.0413 

1.70 

1.710 

- 

7.0 

11.8 

17.70 

0.0219 

30 

0.0442 

1.72 

1.717 

6.44 

6.4 

11.7 

18.11 

0.0279 

32 

0.0400 

1.73 

- 

- 

- 

- 

19.34 

0.0234 

34 

0.0516 

1.79 

- 

- 

- 

- 

20.58 

0.0294 

35 

- 

- 

1.744 

5.04 

5.2 

11.3 

21.81 

0.0324 

36 

0.0549 

1.78 

- 

- 

- 

23.04 

0.0362 

38 

0.0586 

1.79 

- 

- 

- 

- 

24.27 

0.0312 

40 

0.0623 

1.79 

1.765 

4.16 

4.4 

11.1 

25.51 

0.0392 

42 

0.0658 

1.77 

- 

- 

- 

- 

26.74 

0.0445 

44 

0.0692 

1.77 

- 

- 

- 

- 

30.43 

0.0498 

45 

0.0713 

- 

1.782 

3.78 

3.9 

10.9 

34.54 

0.0528 

46 

0.0720 

1.79 

- 

- 

- 

- 

38.64 

0.0588 

48 

0.0765 

- 

- 

- 

- 

- 

42.74 

0.0694 

50 

1 

1.802 

1.002 

3.68 

3.7 

10.9 

52.99 

0.0875 

55 

0.0092 

1.012 

1.020 

3.60 

3.6 

10.8 

63.22 

0.1018 

60 

0.0904 

1.836 

1.830 

3.44 

3.5 

10.8 

73.44 

0. 1252 

65 

0. 1074 

1.840 

1.854 

3.34 

3.3 

10.7 

83.65 

0.1440 

70 

0.1168 

1.076 

1.071 

3.14 

3.2 

10.7 

93.84 

0. 1629 

75 

0.1262 

1.090 

1.807 

2.90 

3.0 

10.6 

104.02 

0. 1825 

80 

0.1359 

1.902 

1.900 

2.82 

2.8 

10.6 

114.20 

0.1848 

85 

0.1453 

1.918 

1.914 

2.64 

CM 

10.6 

124.36 

0.2247 

90 

0.1548 

1.928 

1.928 

2.50 

2.6 

10.5 

134.50 

0.2473 

95 

0.1647 

1.940 

1.939 

2.32 

2.4 

10.5 

144.64 

0.2677 

100 

0. 1744 

1.958 

1.950 

2.12 

2.2 

10.4 

154.76 

0.2850 

105 

0.1842 

1.964 

1.961 

1.92 

1.8 

10.3 
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164.67 

0.3031 

110 

r 

0.1940 

1.980 

1.970 

r 

1.68 

1.7 

10.3 

174.97 

0.3243 

115 

a 

0.2040 

1.977 

a 

1.40 

1.5 

10.2 

185.06 

0.3393 

120 

a 

0.2140 

1 

■ 

1.2 

10.1 

195.14 

0.3650 

■ 

0.2239 

1.908 

■ 

1.00 

1.0 

10.0 

205.20 

0.3800 

130 

1 

■n 

1.982 

1.994 

0.76 

0.8 

10.0 

215.65 

0.3967 

135 

0.2438 

1.968 

1.997 

0.46 

0.4 

9.9 

225.29 

0.4148 

140 

0.2536 

1.999 

0.06 

0 

9.8 

235.32 

0.4306 

145 

0.2632 

1.990 

-  0.36 

-0.5 

9.6 

245.33 

0.4472 

150 

0.2729 

1.995 

—  0.04 

-0.9 

9.5 

255.34 

0.4585 

1 

155 

0.2829 

1.994 

1.990 

-  1.22 

-1.3 

9.4 

265.33 

0.4789 

1 

160 

0.2930 

2.006 

1.902 

-  1.64 

-  1.7 

9.3 

0.4864 

165 

0.3030 

1.996 

1.974 

—  2.00 

-2.1 

9.1 

0.5i05 

170 

0.3130 

1.972 

1.962 

-  2.52 

-  2.6 

9.0 

295.21 

0.5158 

175 

0.3228 

1.948 

1.940 

-  3.00 

■ 

8.9 

305.18 

0.5249 

180 

■ 

1.928 

1.932 

-  3.36 

-  3.4 

8.0 

315.11 

0.5354 

185 

1.904 

1.914 

-  3.70 

-  3.7 

0.7 

325.03 

0.5452 

190 

0.3516 

1.888 

1.095 

—  4.00 

-  4.1 

8.5 

334.94 

0.5588 

195 

0.3608 

1.864 

1.874 

- 

-  4.5 

8.4 

344.83 

0.5656 

200 

0.3702 

1.034 

1.052 

-  4.41 

—  4.9 

8.3 

354.71 

0.5731 

.... 

210 

0.3882 

1.700 

1.806 

-  4.02 

-  5.6 

8.1 

364.59 

0.5761 

220 

0.4059 

1.752 

1.756 

-  5.22 

-  6.2 

7.9 

374.45 

0.5704 

I 

230 

0.4232 

1.714 

1.702 

-  5.69 

-  6.8 

7.8 

384.29 

0.5859 

240 

0.4401 

1.656 

1.643 

-  6.26 

-  7.3 

7.6 

394.13 

0.5852 

250 

0.4563 

1.602 

1.578 

—  6.90 

-  7.7 

7.5 

403.95 

0.5090 

260 

0.4720 

1.496 

1.505 

-  8.2 

7.3 

413.76 

0.5890 

270 

0.4863 

1.396 

1.426 

i 

-  8.6 

7.2 

423.56 

0.5859 

280 

0.4999 

1,278 

1.341 

■ 

-  9.0 

7.1 

443.13 

0.5784 

290 

0.5120 

1.194 

1.250 

-  9.47 

-  9.4 

7.0 

462.64 

0.5663 

300 

0.5238 

1.126 

1.150 

■ 

—  9.7 

6.9 

482.11 

0.5460 

310 

0.5345 

1.056 

1.040 

—  10.35 

—  10.0 

6.0 

520.90 

0.5000 

320 

0.5448 

0.900 

0.943 

-  10.60 

-  10.3 

6.7 

559.50 

0.4321 

340 

0.5630 

0.858 

0.726 

■ 

mnai 

-10.9 

6.5 

598.29 

0.3416 

360 

0.5779 

0.544 

0.503 

-  11.46 

—  11.3 

6.4 

599.44 

0.3348 

380 

0.5858 

0.282 

0.268 

■ 

■SB 

-  11.7 

6.3 

636.12 

0.2300 

400 

0.5085 

0.070 

0.035 

—  11.01 

-12.1 

6.2 

420 

0.5880 

-0.194 

-0.204 

-  12.13 

-12.4 

5.7 
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440 

0.5007 

-0.550 

-0.450 

-  12.39 

-12.7 

5.6 

460 

0.5660 

-0.740 

-0.700 

-  12.70 

-13.0 

5.5 

480 

0.5500 

-1.000 

-0.950 

-  13.09 

-13.2 

5.4 

500 

0.5272 

-1.212 

-1.224 

-  13.42 

-13.4 

5.4 

520 

0.5009 

-1.442 

-1.494 

-13.05 

-  13.7 

5.3 

540 

0.4690 

-1.716 

-1.779 

-  15.16 

-  13.9 

5.3 

560 

0.4312 

-2.116 

-2.102 

-  16.27 

-14.0 

5.2 

500 

0.3060 

-2.434 

-2.426 

-  15.65 

-14.2 

5.1 

600 

0.3347 

-2.730 

-2.720 

-  14.36 

—  14.4 

5.1 

620 

0.2770 

-2.960 

-3.000 

- 

- 

- 
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TABLE  B-3  MODEL-PLUG  RESPONSE  DATA  FOR  TEST  NO.3 


EXPERIMENTAL  DATA 

CALCULATED  DATA 

TIME 

DISPLACE¬ 

MENT 

1 

TIME 

1 

DISPLACE¬ 

MENT 

VELOCITY 

VELOCITY 

ACCEL¬ 

ERATION 

ACCEL¬ 

ERATION 

1 

PRESSURE 

t 

se 

t 

sg 

ve 

vg 

ag 

P 

(NSEC) 

(FT) 

(MSEC) 

(FT) 

(FT/SEC) 

(FT/SEC) 

(FT/SEC2) 

(FT/SEC2) 

(PSIG) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.41 

0.0053 

0.1 

- 

- 

2.75 

- 

- 

- 

0.82 

0.0008 

0.2 

- 

- 

3.50 

9840 

9040 

1007.2 

1.23 

0.0030 

0.3 

- 

- 

3.95 

4560 

4740 

487.0 

1.64 

0.0083 

0.4 

- 

- 

4.32 

3370 

3440 

354.4 

2.05 

0.0098 

0.5 

0.0025 

5.20 

4.62 

2710 

2710 

279.9 

2.46 

0.0083 

0.6 

- 

- 

4.05 

2220 

2220 

229.9 

2.87 

0.0150 

0.7 

- 

- 

5.04 

1830 

1060 

193.2 

3.28 

0.0180 

0.8 

- 

5.22 

1550 

1600 

166.7 

3.69 

0.0211 

0.9 

‘  - 

- 

5.35 

- 

1420 

148.3 

4.10 

0.0211 

1.0 

0.0052 

5.56 

5.47 

- 

1290 

135.1 

4.51 

0.0271 

1.5 

0.0081 

5.90 

5.93 

978 

900 

95.3 

4.92 

0.0308 

2.0 

0.0111 

6.24 

6.32 

740 

720 

76.9 

5.33 

0.0323 

2.5 

0.0143 

6.60 

6.65 

656 

630 

67.8 

5.74 

0.0361 

3.0 

0.0177 

6.96 

6.96 

600 

560 

60.6 

6.17 

0.0414 

3.5 

0.0213 

7.26 

7.25 

564 

510 

55.5 

6.56 

0.0451 

4.0 

0.0250 

7.50 

7.52 

530 

480 

52.5 

6.97 

0.0489 

4.5 

0.0288 

7.74 

7.78 

516 

440 

48.4 

7.36 

0.0504 

5.0 

0.0327 

8.00 

8.04 

484 

'  430 

47.4 

7.79 

0.0534 

5.5 

0.0368 

8.26 

6.28 

444 

410 

45.3 

8.19 

0.0587 

6.0 

0.0410 

8.54 

8.48 

390 

380 

42.3 

8i60 

0.0662 

6.5 

0.0453 

8.76 

8.67 

360 

360 

40.2 

9.02 

0.0647 

. 

7.0 

0.0490 

8.96 

8.84 

330 

340 

38.2 

9.42 

0.0729 

7.5 

0.0543 

8.94 

9.00 

304 

320 

36.1 

9.83 

0.0729 

8.0 

0.0589 

9,16 

9.14 

288 

310 

35.1 

10.24 

0.0782 

8.5 

0.0631 

9.18 

9.20 

272 

280 

32.1 

10.65 

0.0827 

9.0 

0.0683 

9.54 

9.42 

260 

260 

30.0 

11.05 

0.0895 

9.5 

0.0730 

9.70 

9.54 

240 

240 

28.0 

11.46 

0.0887 

10.0 

0.0778 

9.60 

9.66 

220 

220 

25.9 

11.87 

0.0940 

10.5 

0.0826 

9.70 

9.76 

204 

207 

24.6 

12.28 

0.0948 

11.0 

'0.0875 

9.80 

9.86 

194 

194 

23.3 

12.69 

0. 1023 

11.5 

0.0924 

9.86 

9.95 

186 

182 

22.1 
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TABLE  B-3  CONTINUED 


13.09 

0. 1053 

12.0 

0.0974 

9.94 

10.05 

172 

171 

20.9 

13.50 

■ 

12.5 

0.1023 

10.04 

10.13 

162 

160 

19.8 

13.91 

0.1128 

13.0 

0. 1074 

10.00 

10.20 

150 

155 

19.3 

14.32 

0.1218 

13.5 

0.1125 

10.14 

10.28 

142 

152 

19.0 

14.72 

0. 1226 

14.0 

0.1175 

10.10 

10.35 

134 

150 

18.8 

15.13 

0.1241 

14.5 

0. 1226 

- 

10.41 

124 

149 

18.7 

15.54 

1 

15.0 

0.1276 

10.31 

10.47 

124 

149 

10.6 

15.94 

0.1339 

15.5 

- 

- 

10.53 

- 

149 

10.6 

16.35 

0.1369 

16.0 

0.1380 

10.55 

10.60 

143 

149 

18.7 

16.76 

0.1421 

17 

0. 1487 

10.75 

10.76 

152 

1(52 

19.0 

17.16 

0.1504 

18 

0.1597 

10.08 

10.92 

159 

156 

19.4 

10.38 

0.1609 

19 

0. 1705 

10.94 

1 

160 

156 

19.6 

19.60 

0.1745 

20 

0.1015 

11.00 

11.24 

161 

159 

19.7 

20.82 

0.1&57 

21 

0. 1925 

11.24 

■ 

162 

159 

19.7 

22.04 

0.2008 

22 

0.2037 

11.23 

11.56 

160 

158 

19.6 

23.25 

0.2181 

23 

0.2156 

11.24 

11.72 

158 

150 

19.6 

24.47 

0.2279 

24 

0.2261 

11.25 

11.08 

157 

150 

19.6 

25 

0.2375 

11.31 

12.03 

- 

157 

19.5 

26.90 

0.2564 

26 

0.2490 

11.50 

12.19 

157 

157 

19.5 

27 

0.2607 

11.60 

- 

- 

- 

- 

29.32 

0.2925 

28 

0.2720 

11.73 

12.50 

157 

156 

19.4 

31.34 

0.3143 

29 

0.2840 

11.80 

- 

- 

- 

- 

33.35 

0.3399 

30 

0.2960 

12.21 

12.02 

156 

155 

19.3 

35.37 

0.3685 

31 

0.3081 

12.91 

- 

- 

- 

- 

36.97 

0.3925 

32 

0.3210 

13.09 

13.13 

155 

154 

19.2 

38.98 

0,4144 

33 

0.3360 

- 

- 

- 

- 

- 

40.99 

0.4459 

34 

0.3475 

13.40 

13.43 

153 

153 

19.1 

43.39 

0.4805 

36 

0.3750 

14.02 

13.74 

152 

152 

19.0 

38 

0.4038 

14.55 

14.04 

150 

151 

18.9 

47.39 

0.5475 

40 

0.4330 

15.01 

14.34 

148 

149 

18.7 

MSM 

42 

0.4640 

15.42 

14.63 

147 

148 

10.6 

ma 

44 

0.4950 

15,83 

14.92 

147 

146 

18.4 

53.37 

0.6430 

46 

0.5270 

16.09 

15.22 

145 

145 

10.2 

55.36 

0.6753 

48 

0.5590 

16.13 

■mi 

143 

143 

10.0 

57.35 

0.7091 

50 

0.5925 

15.99 

15.78 

140 

140 

17.8 

59.33 

0.7467 

52 

0.6235 

15.97 

16.07 

137 

137 

17.4 

61.31 

0.7738 

54 

0.6550 

16.21 

16,34 

134 

133 

17.1 
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TABLE  B-3  CONTINUED 


63.29 

0.8046 

56 

0.6883 

16.61 

16.60 

129 

129 

16.7 

65.27 

0.8490 

58 

0.7222 

16.92 

16.85 

124 

125 

16.2 

67.24 

0.8783 

60 

0.7560 

17.10 

17.10 

120 

120 

15.7 

69.21 

0.9137 

62 

0.7903 

17.29 

17.33 

115 

115 

15.2 

71.10 

0.9468 

64 

0.8252 

17.56 

17.56 

no 

109 

14.6 

73.15 

0.9904 

66 

0.8605 

17.84 

17.77 

102 

103 

14.0 

75.11 

1.0235 

68 

0.0965 

18.01 

17.98 

98 

97 

13.4 

77.08 

1.0536 

70 

0.9330 

18.18 

18.14 

92 

91 

12.8 

79.04 

1.1002 

71 

- 

- 

1 

91 

88 

12.4 

60.99 

1.1272 

72 

0.9690 

18.40 

18.35 

89 

04 

12.1 

82.95 

1.1679 

73 

- 

- 

18.42 

79 

01 

11.8 

84.90 

1.2160 

74 

1.0060 

18.67 

10.50 

73 

77 

11.4 

86.85 

1.2491 

75 

- 

- 

18.57 

70 

74 

11.0 

80.80 

1.2814 

76 

1.0440 

10.91 

18.64 

67 

70 

10.6 

90.74 

1.3190 

77 

- 

- 

10.70 

65 

66 

10.2 

92.69 

1.3626 

78 

1.0022 

19.00 

18.77 

61 

63 

9.9 

94.24 

1.3837 

79 

- 

- 

18.83 

57 

59 

9.5 

96.18 

1.4243 

80 

1.1200 

10.99 

18.88 

50 

55 

9.1 

98.11 

1.4649 

01 

- 

- 

18.93 

49 

51 

8.7 

100.04 

1.4907 

82 

1.1580 

10.95 

10.97 

40 

47 

8.3 

102.36 

1.5401 

83 

- 

- 

19.03 

44 

43 

7.9 

104.29 

1.5830 

84 

1.1960 

18.99 

19.07 

40 

39 

7.5 

106.22 

1.6123 

05 

- 

- 

19.10 

30 

35 

7.1 

108.14 

1.6454 

86 

1.2337 

19.00 

19.13 

25 

31 

6.7 

110.06 

1.6897 

87 

- 

- 

19.15 

22 

27 

6.3 

■BSH 

80 

1.2720 

19.07 

19.17 

22 

22 

5.7 

114.28 

1.7695 

89 

- 

- 

19.19 

19 

18 

5.3 

116.19 

1.8033 

90 

1.3100 

19.16 

19.22 

15 

14 

419 

KB 

91 

- 

- 

19,22 

9 

10 

92 

1.3405 

19.15 

19.23 

3 

5 

4.0 

93 

- 

- 

19.23 

0 

1 

3.6 

94 

1.3870 

19.23 

19.23 

-  5 

-  4 

3.1 

95 

- 

- 

19.22 

-10 

-  9 

2.6 

96 

1.4250 

19.25 

19.21 

-13 

-13 

2.2 

97 

- 

- 

19.19 

-15 

-18 

1.7 

90 

1.4640 

19.20 

19.18 

-21 

-22 

1.3 

99 

- 

- 

19.16 

- 

-27 

0.8 
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100 

1.5025 

19.16 

19.12 

-35 

- 

- 

102 

1.5402 

19.07 

19.04 

- 

- 

- 

104 

1.5705 

10.90 

10.93 

- 

- 

- 

106 

1.6167 

10.06 

- 

- 

- 

- 

100 

1.6540 

10.67 

- 

- 

- 

- 

110 

1.6910 

10.43 

- 

- 

- 

- 

112 

1.7200 

10.25 

- 

- 

- 

- 

114 

1.7640 

10.10 

- 

- 

- 

116 

1.0000 

- 

- 

- 

- 

110 

1.0360 

- 

- 

- 

- 

_ 

- 
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TABLE  B-4  MODEL-PLUG  RESPONSE  DATA  FOR  TEST  N0.4 


EXPERIMENTAL  DATA 

CALCULATED  DATA 

TIME 

DISPLACE¬ 

MENT 

TIME 

1 

DISPLACE¬ 

MENT 

VELOCITY 

1 

ACCEL¬ 

ERATION 

ACCEL¬ 

ERATION 

1 

PRESSURE 

t 

se 

t 

se 

Vc 

v9 

,ac 

ag 

P 

(MSEC) 

ESI 

1 

(MSEC) 

(FT) 

(FT/SEC) 

1 

(FT/SEC2) 

(FT/SEC2) 

(PSIG) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.47 

0.0037 

0.10 

- 

- 

1 

- 

- 

- 

0.94 

0.0066 

0.20 

- 

- 

5.90 

17160 

1753.8 

1.42 

0.0162 

ma 

! 

- 

- 

8420 

1 

662.3 

1.89 

0.0066 

i 

- 

- 

7.48 

6460 

662.4 

2.36 

0.0170 

0.50 

0.0040 

- 

8.02 

5180 

1 

528.8 

2.83 

0.0332 

0.60 

- 

- 

8.50 

4300 

4250 

437.0 

3.30 

0.0442 

0.70 

- 

0.88 

3660 

3625 

373.3 

3.77 

0.0376 

0.80 

- 

- 

9.20 

3060 

3225 

332.5 

4.24 

0.0590 

0.90 

- 

- 

9.50 

2760 

2975 

307.0 

4.72 

0.0649 

1.00 

0.0086 

9.72 

2800 

289.1 

5.19 

1.10 

- 

- 

10.00 

2360 

2670 

275.8 

5.66 

0.0752 

1.20 

- 

- 

10.12 

2440 

2500 

266.7 

6.13 

0.0811 

1.30 

- 

- 

2460 

2500 

258.5 

6.60 

0.0855 

1.40 

- 

- 

- 

2450 

253.5 

7.07 

0.0980 

1.50 

0.0130 

10.84 

2400 

248.3 

7.54 

0. 1098 

2.00 

0.0192 

11.88 

2196 

2100 

225.9 

8.01 

0. 1246 

2.50 

0.0250 

13.02 

| 

2060 

213.6 

8.48 

0.1319 

3.00 

0.0323 

14.00 

14.12 

2000 

2000 

207.5 

8.95 

0.1489 

3.50 

0.0390 

14.86 

15.12 

- 

1940 

201.4 

9.42 

0.1481 

4.00 

0.0472 

15.90 

1050 

I860 

193.2 

9.89 

0. 1644 

4.50 

0.0555 

16.72 

- 

- 

- 

- 

10.36 

0. 1909 

5.00 

0.0642 

17.52 

17.82 

1726 

1720 

178.9 

10.83 

0. 1909 

5.50 

0.0731 

18.00 

- 

- 

- 

- 

11.30 

0.2123 

6.00 

0.0022 

10.60 

19.45 

1629 

1640 

170.8 

11.77 

0.2233 

6.50 

0.0915 

19.06 

- 

- 

- 

- 

■EH 

7.00 

0.1015 

19.76 

21.05 

1567 

1575 

164.2 

12.71 

0.2506 

7.50 

0.1111 

20.58 

- 

- 

- 

- 

13.18 

0.2565 

8.00 

0.1218 

21.34 

22.50 

1530 

1530 

159.6 

13.64 

0.2771 

0.50 

0.1328 

22.52 

- 

- 

- 

- 

14.11 

0.2948 

9.00 

0.1440 

23.70 

24.09 

1500 

1500 

156.5 

B-9a 


336 


30.00  0.9596 
30.46  0.9846 
30.93  1.0023 
31.39  1.0384 


49. 

69 

50. 

10 

50.67 

51. 

15 

51.79  j 
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TABLE  B-4  CONCLUDED 


31.86 

1.0650 

31.25 

- 

- 

52.22 

792 

760 

81.0 

32.32 

1.0782 

31.50 

- 

- 

52.42 

696 

695 

74.4 

32.79 

1.1003 

31.75 

- 

- 

52.60 

632 

625 

67.3 

33.25 

1.1269 

32.00 

1.0633 

52.46 

52.72 

552 

540 

.58.6 

33.71 

1.1622 

32.25 

- 

- 

1 

440 

48.4 

34.18 

1.1704 

32.50 

- 

- 

1 

| 

330 

37.2 

34.64 

1.2035 

32.75 

- 

- 

53.02 

D 

24.9 

35.11 

1.2278 

1.1162 

53.08 

32 

80 

11.7 

35.57 

1.2558 

- 

- 

- 

- 

- 

36.04 

1.2780 

33.50 

1 

- 

53.00 

- 

- 

- 

36.50 

1.3023 

34.00 

■ 

53.08 

- 

- 

- 

- 

35.00 

1.2232 

- 

- 

- 

- 

- 

36.00 

1.2752 

- 

- 

- 

- 

- 
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TABLE  B-5  MODEL- PLUG  RESPONSE  DATA  FOR  TEST  NO.  5 


EXPERIMENTAL  DATA 

CALCULATED  DATA 

TIME 

DISPLACE¬ 

MENT 

TIME 

DISPLACE¬ 

MENT 

VELOCITY 

VELOCITY 

ACCEL¬ 

ERATION 

ACCEL¬ 

ERATION 

PRESSURE 

t 

mi 

t 

s9 

Vc 

v9 

ac 

ag 

P 

(MSEC) 

Elii 

1 

(MSEC) 

(FT) 

(FT/SEC) 

(FT/SEC) 

1 

(FT/SEC2) 

(FT/SEC2) 

(PSIG) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.47 

B| 

- 

- 

0.95 

- 

- 

- 

0.95 

- 

- 

1.41 

4670 

1392.1 

1.42 

0.0052 

- 

- 

1.72 

2960 

1.90 

0.0059 

0.4 

- 

- 

1.95 

2200 

■ 

661.0 

2.37 

0.0066 

0.5 

0.0015 

- 

2.14 

I 

1750 

518.9 

2.84 

warn 

0.6 

- 

- 

1 

1520 

1515 

450.2 

3.32 

1 

0.7 

- 

- 

2.42 

1395 

422.7 

3.79 

0.0110 

0.8 

- 

- 

2.57 

■ 

1320 

400.5 

4.26 

0.0184 

0.9 

-  . 

- 

2.71 

1270 

305.7 

4.74 

0.0132 

1.0 

2.70 

2.02 

- 

1230 

373.9 

5.21 

0.0280 

1.5 

1 

| 

3.37 

1062 

1055 

322.1 

5.68 

0.0258 

2.0 

0.0055 

| :  |  S .  | 

3.85 

942 

945 

■ 

6.15 

0.0272 

2.5 

0.0075 

4.10 

4.28 

866 

875 

268.0 

6.63 

0.0316 

3.0 

0.0098 

4.72 

4.72 

824 

820 

252.5 

7.10 

0.0346 

3.5 

0.0121 

5.20 

5.10 

784 

770 

237.7 

7.57 

0.0375 

4.0 

0.0150 

5.64 

5.50 

734 

733 

226.8 

8.04 

0.0383 

4.5 

5.96 

5.05 

704 

700 

217.0 

8.52 

BISS 

■ 

1 

6.10 

6.18 

670 

672 

208.7 

8.99 

5.5 

0.0240 

6.36 

6.52 

648 

640 

201.6 

9.46 

0.0515 

6.0 

0.0272 

6.56 

6.04 

628 

625  . 

194.8 

9.<?3 

0.0596 

6.5 

0.0308 

6.76 

7.14 

608 

605 

188.9 

10.40 

~  '  B 

7.0 

0.0340 

6.86 

7.44 

584 

585 

183.0 

10.88 

7.5 

0.0375 

6.88 

568 

570 

178.5 

11.35 

0.0655 

8.0 

0.0410 

7.08 

8.00 

552 

173.2 

11.82 

0.0743 

8.5 

0.0445 

7.28 

8.28 

542 

538 

169.0 

12.29 

0.0802 

9.0 

0.0482 

7.76 

8.55 

536 

525 

165.2 

12.76 

0.0824 

9.5 

0.0521 

8.28 

8.82 

1 

162.2 

13.23 

0.0898 

10.0 

0.0566 

1 

502 

505 

159.3 

13.70 

0.0964 

10.5 

0.0610 

9.20 

9.31 

490 

495 

156.3 

14.18 

0. 1023 

11.0 

0.0658 

9.50 

9.56 

506 

487 

154.0 
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TABLE  B-5  CONTINUED 


14.65 

0.1001 

11.5 

0.0707 

9.06 

9.00 

502 

400 

151.9 

15.12 

0. 1089 

12.0 

0.0755 

10.02 

10.09 

492 

472 

149.5 

15.59 

0.1214 

12.5 

0.0008 

10.10 

10.30 

402 

465 

147.4 

16.06 

1 

13.0 

0.0050 

10.20 

460 

459 

145.7 

16.53 

■sa 

■ 

0.0910 

10.54 

453 

143.9 

17.00 

■rrg 

0.0961 

10.00 

440 

447 

142.1 

17.47 

1 

14.5 

0.1020 

440 

441 

140.3 

■E3BS& 

2 

23 

0.2115 

14.00 

14.68 

L 

378 

3 

77 

0.2264 


0.2415 


29.66  0.3150 


30.60  0.3378 


32.00 


33.40  0.3864 

34.80  0.4085 


II 


37.60 

0.4622 

39.00 

0.4961 

40.39 

0.5255 

s 

■ 


29 

■ 

0.3065 

17.21 

30 

[ 

i 

0.3242 

17.76 

31 

0.3413 

18.13 

32 

0.3605 

18.43 

33 

0.3790 

10.70 

III 
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TABLE  B-5  CONCLUDED 


47.36 

0.6749 

39 

0.4950 

20.24 

- 

- 

- 

- 

48.76 

0.7051 

40 

0.5158 

20.52 

20.67 

324 

325 

106.0 

50.15 

0.7375 

41 

0.5360 

20.07 

- 

- 

- 

- 

52.00 

0.7853 

42 

0.5571 

21.11 

21.30 

319 

320 

104.5 

53.85 

0.8339 

43 

0.5787 

21.49 

- 

- 

- 

- 

54.77 

0.8545 

44 

0.6000 

21.73 

1 

313 

315 

103.0 

56.16 

0.8817 

45 

0.6220 

22.07 

mm 

1 

1 

- 

- 

57.55 

0.9303 

46 

0.6441 

22.50 

ma 

1 

307 

100.7 

58.93 

0.9620 

47 

22.05 

- 

- 

- 

- 

60.31 

0.9965 

48 

0.6900 

23.21 

301 

300 

98.6 

61.70 

1.0282 

49 

23.50 

- 

- 

- 

- 

63.08 

3.0687 

50 

23.77 

290 

290 

_ 

95.6 

64.46 

51 

23.94 

- 

- 

- 

65.84 

52 

278 

92.7 

67.22 

1.1754 

- 

- 

- 

- 

68.14 

1.2019 

265 

267 

88.8 

68.60 

1.2173 

55 

0.0580 

24.82 

- 

- 

- 

- 

56 

1 

0.0830 

1 

25.17 

25.39 

250 

250 

83.8 

57 

1 

0.9001 

1 

25.36 

1 

- 

- 

- 

58 

1 

25.59 

1 

230 

232 

78.5 

59 

- 

- 

- 

- 

60 

0.9853 

26.32 

203 

210 

72.0 

61 

■ 

26.54 

- 

193 

_ 

66.9 

warn 

| 

26.71 

169 

170 

60.1 

26.07 

133 

133 

49.2 

64 

K0905 

27.00 

01 

78 

32.9 

65 

1.1100 

27.05 

27.06 

2 

0 

9.8 

66 

1.1450 

26.90 

27.02 

- 

- 

- 

67 

1.1720 

- 

26.05 

- 

- 

- 

68 

1.1904 

- 

- 

- 

- 

- 
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TABLE  B-6 


EXPERIMENTAL  DATA 


TIME  DISPLACE¬ 
MENT 


MODEL- PLUG  RESPONSE  DATA  FOR  TEST  N0.6 


CALCULATED  DATA 


se 


(MSEC)  (FT) 


2.85 

0.0398 

3.32 

0.0361 

3.80 

0.0486 

4.27 

0.0604 

4.74 

0.0803 

5.22 

0.0781 

*  5.69 

0. 1047 

6.16 

0.1083 

.  6.64 

0.1393 

7.11 

0.1334 

7.58 

0.1511 

8.05 

0.1614 

8.53 

0.1946 

9.00 

0.2093 

9.47 

0.2204 

9.94 

0.2366 

10.41 

0.2410 

10.89 

0.2867 

11.36 

0.2977 

11.83 

0.3272 

12.30 

0.3538 

12.77 

0.3766 

13.24 

0.3958 
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TABLE  B-6  CONCLUDED 


14.65 

0.4311 

11.5 

0.3001 

43.76 

42.6 

2680 

2650 

273.8 

15.12 

0.4687 

im 

II 

0.3223 

44.90 

43.9 

1 

WEB 

2625 

■ga 

15.59 

0.4879 

n 

0.3450 

46.32 

45.3 

1 

■Ml 

16.06 

0.5240 

13.0 

0.3685 

47.52 

46.5 

1 

WESM 

2575 

266.2 

16.53 

0.5564 

13.5 

0.3928 

48.94 

47.8 

II  i 

2550 

263.6 

17.00 

0.5668 

14.0 

0.4172 

50.20 

49.1 

1 

■ 

1 

260.5 

17.47 

0.5948 

14.5 

0.4430 

51.42 

50.4 

1 

IBB 

1 

257.5 

17.94 

0.6147 

15.0 

0.4689 

52.74 

1 

2440 

2450 

253.4 

18.41 

0.6640 

15.5 

0.4955 

53.70 

1 

2400 

2400 

248.3 

18.88 

0.6861 

16.0 

0.5228 

54.80 

1 

2400 

1 

243.2 

19.35 

0.7142 

16.5 

0.5503 

I 

55.74 

mu 

1 

2360 

1 

238.1 

19.82 

1 

17.0 

0.5785 

1 

56.02 

■ 

2260 

1 

232.0 

20.29 

17.5 

■'  E 

57.80 

57.5 

2180 

1 

1 

225.4 

20.76 

■sn 

1 

58.28 

58.5 

2100 

2120 

219.7 

21.22 

0.8232 

1 

1 

58.46 

59.6 

2050 

_ 

212.6 

21.69 

0.0667 

1 

0.6940 

50.88 

60.6 

2000 

1 

22.16 

0.8866 

19.5 

59.96 

61.5 

1920 

199.3 

22.63 

0.9205 

20,0 

61.20 

62.5 

I860 

1850 

192.2 

23.10 

0.9559 

20.5 

1 

62.34 

63.4 

1800 

1700 

185.1 

23.56 

0.9927 

21.0 

0.8169 

63.34 

64.3 

1700 

1700 

176.9 

24.03 

1.0148 

21.5 

0.8487 

64.24 

65.1 

1 

168.7 

24.50 

1.0532 

22.0 

0.8815 

65.20 

65.9 

1440 

i 

1 

155.0 

24.96 

1.0760 

22.5 

0.9141 

l 

65.98 

66.5 

1300 

1410 

147.3 

25.43 

1.1121 

23.0 

0.9472 

l 

66.58 

ssm 

1280 

1280 

134.1 

25.90 

1.1446 

1 

0.9008 

l 

67.00 

mm 

1160 

1125 

118.3 

26.37 

1.1814 

1 

24.0 

* 

wmrnm 

l 

67.70 

68.4 

940 

950 

100.4 

26.83 

IBM 

1 

ini 

1 

gpum 

1 

68.28 

720 

720 

76.9 

27.30 

1.2617 

25,0 

1.0028 

i 

69.02 

69.1 

480 

450 

49.4 

27.76 

1.2684 

25.5 

1.1174 

69.50 

69.3 

0 

25 

6.1 

26.0 

1.1525 

69.20 

69.1 

- 

- 

- 

26.5 

1.1870 

60.30 

60.5 

- 

- 

- 

27.0 

1.2210 

- 

- 

- 

- 

- 

27.5 

1.2541 

- 

- 

- 

- 

- 
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TABLE  B-7  MODEL-PLUG  RESPONSE  DATA  FOR  TEST  N0.7 


experimental  data 

CALCULATED  DATA 

TIME 

DISPLACE¬ 

MENT 

1 

TIME 

DISPLACE¬ 

MENT 

VELOCITY 

VELOCITY 

ACCEL¬ 

ERATION 

ACCEL¬ 

ERATION 

PRESSURE 

t 

se 

■ 

t 

sg 

Vc 

vg 

ac 

ag 

P 

(MSEC) 

1 

(MSEC) 

(FT) 

1 

1 

(FT/SEC2) 

(FT/SEC2) 

(PSIG) 

0 

0 

0 

0 

B 

0 

0 

0 

0.36 

0.0032 

- 

- 

- 

- 

- 

0.73 

0.0024 

IB 

- 

- 

1 

0040 

0040 

023.6 

1.09 

0.0064 

g 

|  |  |  -  ;  | 

- 

■ 

2920 

2920 

301.3 

1.45 

0.0056 

■ 

1 

- 

3.58 

1600 

1730 

1.81 

0.0072 

- 

3.65 

1140 

1140 

2.10 

0.0000 

0.6 

- 

- 

3.74 

710 

000 

93.3 

2.54 

0.0112 

0.7 

- 

- 

3.82 

530 

700 

74.9 

2.90 

0.0120 

0.0 

- 

- 

3.85 

300 

300 

34.1 

3.26 

0.0136 

0.9 

- 

mm 

3.06 

- 

264 

30.4 

3.63 

0.0128 

1.0 

E5I 

3.07 

- 

240 

23.0 

3.99 

0.0144 

_ 

1.5 

1 

| 

160 

20.6 

4.35 

■ 

2.0 

0.0070 

3.90 

■51 

112 

124 

16.1 

4.71 

0.0192 

2.5 

0.0090 

3.96 

■SB 

116 

1-.3 

5.08 

3.0 

0.0110 

4.04 

4.09 

117 

15.4 

5.44 

0.0216 

3.5 

0.0130 

4.10 

4.15 

124 

120 

lc.6 

5.00 

0.0248 

4.0 

1 

1 

1 

144 

143 

It..  1 

6.17 

0.0240 

4.5 

0.0180 

4.29 

■ 

162 

20.1 

6.52 

0.0272 

5.0 

0.0202 

4.36 

4.30 

1 

184 

22.3 

6.00 

■ 

5.5 

1 

1 

4.48 

4.40 

1 

214 

25.3 

7.25 

0.0296 

6.0 

0.0246 

4.64 

4.59 

250 

29.0 

7.61 

0.0311 

6.5 

1 

4.72 

33.1 

7.0 

5.00 

4.07 

334 

336 

37.0 

8.33 

■ 

7.5 

0.0320 

1 

5.14 

390 

394 

43.7 

0.69 

0.0399 

0.0 

0.0346 

1 

5.26 

5.26 

446 

453 

49.7 

9.05 

0.0415 

■ 

0.5 

0.0373 

5.40 

492 

480 

53.3 

9.41 

0.0431 

■ 

9.0 

0.0400 

■ 

m 

522 

510 

55.5 

■  9.70 

0.0439 

9.5 

0.0430 

6.12 

6.03 

532 

56.7 

10.14 

0.0463 

10.0 

0.0462 

6.50 

6.30 

522 

57.4 

10.50 

0.0407 

10.5 

0.0495 

- 

6.56 

512 

529 

57.5 

10.06 

0.0543 

11.0 

0.0530 

7.02 

6.00 

504 

525 

57.1 
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TABLE  B-7  CONCLUDED 


43.80 

0.4080 

41 

- 

- 

17.91 

310 

316 

35.7 

45.57 

0.5216 

42 

o 

cS 

o 

10.27 

10.24 

320 

313 

35.4 

47.35 

0.5535 

43 

- 

- 

10.55 

310 

310 

35.1 

49.12 

0.5934 

I 

44 

0.4917 

10.95 

10.00 

313 

307 

34.8 

50.89 

0.6254 

1 

45 

- 

- 

19.10 

307 

304 

30.2 

46 

0.5300 

19.19 

19.49 

300 

3(X) 

34.1 

54.42 

0.7037 

47 

- 

- 

19.70 

295 

297 

33.0 

56.19 

0.7396 

40 

0.5695 

19.00 

20.00 

200 

294 

33.5 

57.95 

0.7779 

49 

- 

- 

■ 

204 

290 

33.1 

59.71 

0.8195 

50 

1 

■ 

20.64 

202 

207 

32.8 

61.47 

0.0626 

51 

- 

20.92 

203 

203 

32.4 

63.23 

0.9017 

52 

0.6400 

21.21 

279 

32.0 

64.99 

0.9417 

53 

- 

| 

21.49 

275 

275 

31.6 

66.74 

54 

■ 

| 

21.76 

271 

271 

31.1 

68.50 

55 

- 

- 

22.02 

272 

266 

30.6 

70.25 

56 

22.40 

22.30 

266 

261 

30.1 

72.00 

1.1190 

57 

- 

- 

22.50 

1 

29.6 

73.75 

1.1637 

50 

0.7810 

22.90 

22.01 

249 

249 

20.9 

75.50 

1.2116 

59 

- 

- 

23.07 

237 

241 

20.1 

77.24 

1.2508 

60 

0.0270 

23.31 

23.30 

233 

232 

27.2 

78.99 

1.3027 

61 

- 

- 

23.52 

227 

222 

26.1 

80.73 

1.3498 

62 

1 

23.65 

23.75 

1 

212 

25.1 

63 

- 

- 

23.90 

204 

201 

24.0 

64 

■ 

• 

105 

109 

22.0 

65 

- 

■ 

24.33 

173 

170 

21.7 

66 

■ 

24.42 

24.50 

161 

164 

20.2 

67 

- 

24.60 

149 

18.7 

68 

1 

24.78 

1 

134 

17.2 

69 

- 

■ 

119 

15.6 

70 

1 

25.16 

1 

107 

104 

14.1 

71 

| 

ll 

- 

- 

- 

72 

1.1200 

25.52 

25.22 

- 

- 

- 

74 

1.1715 

25.05 

- 

- 

- 

- 

76 

1.2240 

- 

- 

- 

- 

- 

70 

1 .2760 

- 

- 

- 

- 

- 
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TABLE  B-8  MODEL-PLUG  RESPONSE  DATA  FOR  TEST  N0.8 


EXPERIMENTAL  DATA 

CALCULATED  DATA 

TIME 

DISPLACE¬ 

MENT 

TIME 

DISPLACE¬ 

MENT 

1 

VELOCITY 

1 

ACCEL¬ 

ERATION 

ACCEL¬ 

ERATION 

1 

PRESSURE 

t 

se 

t 

s9 

Vc 

v9 

ac 

a8 

P 

(MSEC) 

1 

(MSEC) 

(FT) 

(FT/SEC) 

(FT/SEC) 

(FT/SEC2) 

(FT/SEC2) 

1 

(PSIG) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.37 

0.0024 

0.1 

- 

- 

2.25 

- 

- 

- 

0.73 

0.0040 

0.2 

- 

- 

2.57 

7050 

7050 

722.6 

1.09 

0.0040 

0.3 

- 

- 

3.02 

2510 

2510 

259.5 

1.46 

0.0008 

0.4 

- 

- 

3.14 

1580 

1360 

142.2 

1.02 

0.0064 

0.5 

0.0018 

- 

3.22 

620 

630 

67.8 

2.19 

0.0112 

0.6 

- 

- 

310 

35.1 

2.55 

0.0096 

0.7 

- 

130 

16.8 

2.91 

0.0112 

0.8 

- 

9.4 

3.28 

0.0096 

0.9 

- 

- 

- 

57 

9.3 

3.64 

0.0096 

1.0 

0.0034 

3.34 

3.28 

- 

56 

9.2 

4.01 

0.0144 

1.5 

0.0051 

3.30 

70 

60 

9.6 

4.37 

0.0176 

2.0 

0.0067 

3.33 

70 

70 

10.6 

4.73 

0.0160 

2.5 

0.0083 

3.36 

3.37 

90 

1 

12.4 

5.10 

0.0184 

3.0 

0.0101 

3.46 

3.42 

no 

14.5 

5.46 

0.0200 

3.5 

0.0118 

3.50 

3.48 

130 

124 

16.1 

5.02 

0.0224 

4.0 

L 

0.0136 

3.54 

3.55 

142 

136 

17.6 

6.19 

0.0232 

4.5 

0.0153 

3.64 

3.63 

154 

152 

19.0 

6.55 

0.0232 

5.0 

0.0172 

3.76 

3.70 

164 

165 

20.3 

6.92 

0.0256 

5.5 

0.0191 

3.86 

3.79 

176 

176 

21.4 

7.28 

0.0256 

6.0 

0.0211 

3.90 

3.88 

190 

107 

22.6 

7.64 

0.0264 

6.5 

0.0230 

4.02 

3.98 

200 

197 

23.6 

8.01 

0.0208 

7.0 

0.0250 

4.12 

4.08 

218 

206 

24.5 

8.37 

0.0304 

7.5 

0.0272 

1 

4.19 

228 

215 

25.4 

0.73 

0.0344 

8.0 

0.0293 

4.32 

4.32 

240 

26.2 

9.09 

0.0352 

8.5 

0.0314 

4.40 

4.43 

TT 

TT 

CM 

231 

27.1 

9.46 

0.0360 

0.0337 

4.52 

4.56 

242 

239 

27.9 

9.82 

0.0384 

9.5 

0.0360 

4.68 

4.68 

244 

246 

28.6 

10.10 

0.0408 

10.0 

0.0383 

4.84 

4.80 

244 

253 

29.3 

0.0416 

10.5 

0.0400 

5.06 

4.92 

254 

260 

30.0 

10.91 

0.0440 

11.0 

_ 

0.0434 

5.26 

5.05 

266 

266 

30.6 

11.27 

0.0440 

11.5 

0.0461 

5.40 

5.19 

280 

273 

31.3 
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TABLE  B-8  CONTINUED 


11.63 

0.0449 

12.0 

0.0488 

5.46 

5.33 

202 

278 

31.9 

12.00 

0.0521 

12.5 

0.0516 

5.46 

5.40 

292 

284 

32.5 

12.36 

1 

13.0 

0.0543 

5.61 

296 

1 

33.1 

12.72 

0.0497 

13.5 

0.0570 

5.78 

5.78 

298 

1 

33.7 

13.08 

0.0521 

14.0 

0.0600 

6.00 

5.92 

302 

301 

34.2 

13.45 

0.0593 

14.5 

0.0632 

6.36 

6.07 

300 

307 

I 

34.8 

13.81 

0.0601 

15.0 

0.0662 

6.52 

6.22 

310 

312 

1 

35.3 

14.17 

0.0641 

15.5 

0.0690 

6.88 

6.38 

316 

318 

35.9 

■ 

16.0 

0.0730 

7.08 

6.54 

324 

321 

36.2 

1 

16.5 

0.0770 

7.14 

6.70 

330 

325 

36.7 

15.26 

0.0729 

17.0 

0.0803 

7.32 

6.87 

336 

328 

37.0 

15.62 

I 

17.5 

0.0840 

7.18 

7.04 

- 

329 

37.1 

15.98 

0.0745 

18.0 

0.0870 

7.32 

7.21 

324 

328 

37.0 

10.5 

0.0912 

7.48 

- 

- 

- 

- 

19.0 

0.0950 

7.58 

7.53 

318 

319 

36.0 

19.24 

0.0993 

19.5 

0.0991 

- 

- 

- 

- 

- 

20.32 

0. 1073 

20 

0.1028 

7.92 

7.83 

308 

310 

35.1 

21.40 

0.1161 

21 

0.1110 

0.30 

0.15 

302 

302 

34.3 

23.21 

0.1313 

22 

0.1194 

8.60 

8.44 

294 

294 

33.5 

25.01 

0.1490 

23 

8.94 

0.73 

205 

208 

32.9 

26.81 

0.1690 

24 

0.1372 

9.32 

9.01 

282 

201 

32.2 

28.61 

0.1914 

25 

0.1468 

9.61 

9.29 

274 

276 

31.7 

■ 

26 

0.1567 

9.89 

9.57 

271 

271 

31.1 

32.20 

0.2227 

27 

L_ 

0. 1665 

10. 15 

9.82 

269 

260 

30.8 

34.00 

0.2459 

28 

■ 

10.42 

10.10 

265 

262 

30.2 

35.79 

0.2675 

29 

10.05 

10.37 

264 

259 

29.9 

37.58 

0.2835 

30 

0.1903 

11.27 

10.62 

261 

255 

29.5 

39.38 

0.3059 

31 

0.2100 

11.62 

10.08 

257 

252 

29.2 

41.16 

0.3308 

32 

0.2219 

11.92 

11.15 

257 

250 

29.0 

43.31 

0.3580 

33 

0.2330 

12.00 

11.39 

252 

247 

20.7 

44.74 

0.3036 

34 

0.2460 

12.06 

11.65 

250 

245 

28.5 

46.52 

0.4117 

35 

0.2500 

11.09 

11.09 

250 

243 

28.3 

36 

■ 

11.96 

12.15 

246 

241 

28.1 

50.09 

0.4669 

37 

0.2012 

12.25 

12.39 

244 

240 

28.0 

52.22 

0.5078 

38 

0.2942 

12.78 

12.63 

230 

238 

27.8 

53.65 

0.5230 

39 

0.3072 

- 

12.87 

239 

237 

27.7 
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TABLE  B-8  CONTINUED 


57.20 

0.5823 

40 

0.3210 

13.43 

13. 10 

242 

236 

27.6 

41 

- 

- 

13.35 

242 

235 

27.5 

64.29 

0.6904 

42 

0.3485 

14.07 

13.60 

240 

234 

27.4 

67.82 

0.7633 

43 

- 

- 

13.03 

234 

233 

27.3 

71.35 

0.8265 

44 

0.3772 

14.47 

14.06 

226 

231 

27.1 

75.22 

0.8994 

45 

- 

- 

14.29 

224 

230 

27.0 

78.04 

0.9627 

46 

0.4068 

14.79 

14.50 

226 

229 

26.9 

81.90 

1.0444 

47 

- 

- 

14.73 

225 

220 

26.8 

85.40 

1.1149 

48 

0.4365 

15.13 

14.97 

225 

226 

26.6 

06.10 

1.1357 

49 

- 

- 

15.10 

225 

225 

26.5 

87.15 

1.1525 

50 

0.4667 

15.44 

15.40 

226 

224 

26.3 

88.20 

1.1741 

51 

- 

- 

15.64 

231 

222 

26.1 

52 

0.4905 

15.53 

15.87 

230 

221 

26.0 

53 

- 

- 

16.10 

224 

219 

25.8 

54 

0.5302 

15.49 

16.32 

220 

217 

25.6 

55 

- 

- 

16.54 

215 

216 

25.5 

56 

0.5600 

15.56 

16.75 

214 

25.3 

57 

- 

- 

16.96 

211 

212 

25.1 

58 

0.5900 

15.95 

17.10 

210 

210 

24.9 

59 

- 

- 

17.38 

207 

200 

24.7 

60 

0.6238 

16.62 

17.59 

205 

206 

24.5 

61 

- 

- 

17.79 

205 

203 

24.2 

62 

0.6570 

17.20 

18.00 

201 

201 

24.0 

63 

- 

- 

18.20 

196 

198 

23.7 

64 

0.6927 

17.61 

16.39 

195 

196 

23.5 

65 

- 

10.59 

193 

193 

23.2 

66 

0.7203 

18.00 

18.78 

194 

190 

22.9 

67 

- 

- 

18.97 

189 

187 

22.6 

68 

0.7646 

18.43 

19.17 

185 

184 

22.3 

69 

- 

- 

19.34 

181 

101 

22.0 

70 

0.8010 

18.93 

19.52 

176 

177 

21.6 

71 

- 

_ 

19.70 

175 

173 

21.1 

72 

0.8402 

19.43 

19.87 

170 

168 

20.6 

73 

- 

- 

20.04 

163 

162 

20.0 

74 

0.8798 

19.90 

20.20 

157 

155 

19.3 

75 

- 

- 

20.35 

148 

148 

18.6 
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TABLE  B-8  CONCLUDED 


76 

■ 

20.27 

20.50 

130 

139 

— — 

17.7 

77 

1 

1 

- 

20.63 

125 

129 

16.7 

70 

0.9609 

20.55 

20.75 

114 

■ 

■ 

79 

- 

- 

20.85 

105 

■ 

14.4 

00 

1.0023 

20.05 

20.96 

90 

94 

13.1 

01 

- 

- 

21.05 

02 

01 

L_ 

11.0 

82 

1.0441 

21.07 

21.10 

60 

60 

10.4 

03 

- 

- 

1 

57 

54 

9.0 

04 

1.0060 

21.14 

44 

41 

7.7 

85 

- 

- 

21.27 

23 

25 

6.1 

06 

1.1293 

- 

21.20 

- 

- 

” 

87 

- 

- 

21.20 

- 

- 

00 

1.1711 

- 

- 

- 

- 

- 
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TABLE  B-9  MODEL-PLUG  RESPONSE  DATA  FOR  TEST  N0.9 


EXPERIMENTAL  DATA 

CALCULATED  DATA 

TIME 

DISPLACE¬ 

MENT 

II 

TIME 

1 

DISPLACE¬ 

MENT 

VELOCITY 

VELOCITY 

ACCEL¬ 

ERATION 

■ 

PRESSURE 

t 

se 

t 

sg 

vc 

vg 

3c 

3g 

P 

(MSEC) 

(FT) 

(MSEC) 

(FT) 

1 

(FT/SEC2) 

(FT/SEC2) 

(PSIG) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.36 

0.0032 

0.1 

- 

- 

0.66 

- 

- 

- 

0.72 

0.0016 

0.2 

- 

- 

1.27 

5660 

■ 

580.8 

1.00 

0.0056 

0.3 

- 

- 

1.81 

4320 

4070 

418.6 

1.44 

0.0016 

0.4 

- 

- 

2.25 

2740 

2590 

267.7 

1.80 

0.0032 

0.5 

0.0014 

- 

2.33 

1330 

1370 

143.2 

2.16 

0.0040 

0.6 

- 

- 

2.38 

440 

601 

64.8 

2.53 

0.0080 

0.7 

- 

- 

2.41 

290 

301 

34.2 

2.89 

0.0072 

0.8 

- 

- 

2.43 

200 

200 

23.9 

3.25 

0.0072 

0.9 

- 

- 

2.45 

- 

164 

20.2 

3.61 

0.0088 

1.0 

0.0026 

2.52 

2.46 

- 

144 

18.2 

3.97 

0.0080 

1.5 

0.0038 

2.46 

2.48 

08 

85 

12.2 

4.33 

0.0112 

2.0 

0.0051 

2.50 

2.50 

46 

53 

8.9 

4.69 

0.0144 

2.5 

0.0063 

2.54 

2.53 

46 

45 

8.1 

5.05 

0.0136 

3.0 

0.0076 

2.56 

2.55 

44 

43 

7.9 

5.41 

0.0152 

3.5 

0.0009 

2.60 

2.57 

44 

43 

7.9 

5.77 

0.0160 

4.0 

0.0102 

2.60 

2.59 

46 

45 

8.1 

6.13 

0.0168 

4.5 

0.0115 

2.64 

2.62 

50 

49 

8.5 

6.49 

0.0176 

5.0 

0.0128 

2.70 

2.64 

54 

54 

9.0 

6.85 

0.0168 

5.5 

0.0142 

2.72 

2.67 

60 

60 

9.6 

7.21 

0.0168 

6.0 

0.0156 

2.82 

2.70 

66 

66 

10.2 

7.57 

0.0200 

6.5 

0.0169 

2.82 

2.74 

74 

75 

11.2 

7.93 

0.0208 

7.0 

0.0185 

2.82 

2.77 

88 

87 

12.4 

8.29 

0.0232 

7.5 

0.0198 

2.82 

2.02 

102 

101 

13.8 

0.65 

0.0240 

8.0 

0.0212 

2.76 

2.08 

120 

119 

15.6 

9.01 

0.0256 

0.5 

0.0226 

2.88 

2.94 

138 

140 

17.8 

9.36 

0.0246 

9.0 

0.0240 

2.96 

3.01 

160 

161 

19.9 

9.72 

0.0280 

9.5 

0.0256 

3.06 

3.10 

186 

185 

22.4 

10.08 

0.0248 

10.0 

0.0271 

3.18 

3.20 

210 

208 

24.7 

10.44 

10.5 

II 

II 

3.30 

3.31 

226 

228 

26.8 

10.80 

0.0312 

11.0 

0.0304 

3.46 

3.43 

244 

245 

28.5 

11.16 

0.0304 

11.5 

0.0322 

3.56 

3.55 

260 

259 

29.9 
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TABLE  B-9  CONTINUED 


11.52 

0.0328 

12.0 

0.0340 

3.76 

3.69 

264 

263 

30.3 

11.80 

0.0336 

12.5 

0.0358 

3.92 

3.83 

260 

260 

30.0 

12.24 

0.0360 

13.0 

0.0380 

4.12 

3.95 

248 

252 

29.2 

12.60 

0.0352 

13.5 

0.0400 

4.32 

4.07 

236 

246 

20.6 

12.96 

1 

14.0 

0.0422 

4.42 

4.19 

238 

241 

28.1 

13.32 

0.0464 

14.5 

0.0445 

- 

4.30 

240 

236 

27.6 

13.67 

15.0 

0.0468 

4.68 

4.43 

234 

231 

27.1 

14.03 

0.0473 

■ 

- 

- 

4.55 

228 

227 

26.7 

16.0 

0.0520 

4.91 

4.65 

218 

223 

26.2 

1 

16.5 

- 

- 

4.76 

216 

220 

25.9 

15.11 

0.0521 

17.0 

0.0565 

5.03 

4.87 

220 

217 

25.6 

16.18 

0.0545 

17.5 

- 

- 

4.98 

. 

214 

25.3 

17.26 

0.0585 

18.0 

■ 

5.15 

5.09 

25.0 

18.33 

0.0681 

19 

0.0670 

5.46 

5.30 

207 

206 

■24.5 

19.41 

0.0681 

20 

■ 

5.63 

5.50 

202 

202 

24.1 

20.48 

1 

21 

5.70 

198 

197 

23.6 

21.91 

0.0873 

22 

0.0843 

1 

5.90 

195 

193 

23.2 

22.98 

0.0945 

23 

6.67 

6.09 

192 

189 

22.8 

23.70 

0.0961 

24 

0.0900 

6.94 

6.20 

100 

186 

22.5 

25.84 

0.1113 

25 

■ 

7.16 

6.47 

185 

102 

22.1 

27.62 

26 

7.30 

6.65 

1B2 

178 

21.7 

29.41 

27 

0.1198 

7.49 

6.83 

176 

175 

21.4 

31.19 

0. 1530 

28 

1 

■ 

7.01 

172 

173 

21.1 

32.97 

0. 1690 

29 

1 

7.74 

7.17 

- 

170 

20.8 

30 

0.1427 

7.88 

7.34 

165 

167 

20.5 

■B 

31 

0.1507 

7.89 

- 

- 

- 

- 

38.30 

32 

1 

7.07 

7.66 

160 

WEM 

20.0 

33 

0.1664 

7.80 

- 

- 

- 

- 

KfSI 

34 

0.1742 

7.97 

7.97 

159 

158 

19.6 

43.97 

0.2579 

35 

0.1023 

8.11 

- 

- 

- 

- 

45.38 

0.2731 

36 

0.1905 

8.21 

0.29 

158 

154 

19.2 

47.15 

0.2875 

37 

0.1908 

0.19 

- 

- 

- 

- 

48.92 

0.3059 

38 

0.2070 

8.26 

8.61 

156 

151 

10.9 

51.04 

0.3292 

39 

0.2150 

II 

■39 

- 

- 

- 

- 

■EBB 

0.3389 

■■ 

II 

II 

■HI 

8.92 

152 

149 

18.7 

BEB 

IB 

KB 

II 

ii 

8.52 

- 

- 

- 

- 

55.97 

0.3828 

42 

0.2405 

8.50 

9.21 

148 

147 

18.5 
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TABLE  B-9  CONCLUDED 


95 

- 

- 

16.04 

94 

09 

12.6 

96 

- 

- 

16.15 

06 

86 

12.3 

97 

- 

- 

16.22 

00 

04 

12.1 

90 

0.9531 

16.05 

16.29 

75 

01 

11.0 

99 

- 

- 

1 

1 

76 

77 

11.4 

100 

- 

- 

1 

75 

74 

11.0 

- 

- 

■ 

70 

70 

10.6 

102 

1.0100 

16.51 

16.59 

1 

SSH 

66 

10.2 

103 

- 

- 

ss 

62 

9.0 

104 

- 

- 

57 

57 

9.3 

105 

- 

- 

53 

52 

8.8 

106 

1.0055 

40 

47 

8.3 

107 

- 

| 

16.86 

44 

41 

7.7 

106 

- 

16.90 

36 

35 

7.1 

109 

- 

- 

30 

29 

6.5 

110 

17.05 

- 

22 

5.7 

111 

- 

- 

16.98 

- 

- 

- 

114 

1.2232 

16.18 

- 

- 

- 

- 

1 

| 

1.2909 

- 

- 

- 

- 
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TABLE  B— 10  MODEL- PLUG  RESPONSE  DATA  FOR  TEST  NO.  10 


EXPERIMENTAL  DATA 

CALCULATED  DATA 

TIME 

DISPLACE¬ 

MENT 

1 

1 

DISPLACE¬ 

MENT 

VELOCITY 

VELOCITY 

ACCEL¬ 

ERATION 

ACCEL¬ 

ERATION 

1 

PRESSURE 

t 

se 

1 

■ 

s9 

Vc 

v0 

aC 

ag 

P 

(MSEC) 

(FT) 

(MSEC) 

(FT) 

(FT/SEC) 

(FT/SEC) 

(FT/SEC2) 

(FT/SEC2) 

(PSIG) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.36 

0.0048 

0.1 

_ 

- 

2.78 

- 

- 

- 

0.72 

0.0016 

0.2 

- 

- 

3.44 

1 

7840 

803.2 

1.09 

0.0048 

0.3 

- 

- 

3.51 

1 

1690 

175.9 

1.45 

0.0112 

0.4 

- 

- 

3.55 

340 

450 

49.4 

1.81 

0.0112 

0.5 

0.0018 

- 

3.57 

190 

200 

23.9 

2.17 

0.0104 

0.6 

- 

” 

100 

110 

14.7 

2.53 

0.0152 

0.7 

- 

- 

50 

50 

8.6 

2.90 

0.0112 

0.0 

- 

- 

3.59 

40 

40 

7.6 

3.26 

0.0152 

0.9 

- 

- 

3.59 

- 

34 

7.0 

3.62 

0.0128 

1.0 

0.0036 

3.60 

3.60 

- 

26 

6.2 

3.98 

0.0192 

' 

1.5 

0.0054 

3.60 

3.60 

22 

17 

5.2 

4.34 

0.0176 

2.0 

0.0072 

1 

3.61 

12 

15 

5.0 

4.70 

0.0240 

2.5 

0.0090 

1 

3.62 

14 

14 

4.9 

5.06 

0.0232 

3.0 

0.0108 

3.60 

3.62 

14 

14 

4.9 

5.43 

0.0232 

3.5 

0.0126 

3.64 

3.63 

20 

15 

5.0 

5.79 

0.0224 

4.0 

0.0144 

3.70 

3.64 

26 

17 

5.2 

6.15 

0.0224 

4.5 

0.0163 

3.76 

3.66 

26 

18 

5.3 

6.51 

0.0272 

5.0 

0.0182 

3.80 

1 

28 

20 

5.5 

6.87 

0.0240 

5.5 

0.0201 

3.80 

3.68 

1 

26 

23 

5.0 

7.23 

0.0200 

6.0 

0.0220 

3.80 

3.70 

26 

25 

,6.1 

7.59 

0.0320 

6.5 

0.0239 

3.84 

3.71 

28 

20 

6.4 

7.95 

7.0 

0.0258 

3.86 

3.72 

30 

31 

6.7 

8.32 

0.0320 

7.5 

0.0278 

■ 

3.74 

36 

35 

7.1 

8.68 

0.0336 

8.0 

0.0297 

■ 

3.76 

40 

30 

7.4 

9.04 

0.0320 

8.5 

0.0316 

3.78 

3.78 

40 

43 

7.9 

9.40 

0.0305 

9.0 

0.0334 

3.80 

3.80 

44 

46 

8.2 

9.76 

0.0417 

9.5 

0.0354 

3.86 

3.82 

50 

51 

8.7 

10.12 

0.0360 

10.0 

0.0373 

3.94 

3.85 

56 

55 

9.1 

10.48 

0.0401 

10.5 

0.0393 

j  3.96 

3.88 

60 

60 

9.6 

10.84 

0.0417 

11.0 

0.0413 

ica 

3.91 

60 

66 

10.2 
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TABLE  B-IO  CONTINUED 


11.20 

0.0409 

11.5 

0.0433 

4.04 

3.94 

64 

71 

10.7 

11.56 

0.0433 

12.0 

0.0453 

4.06 

3.97 

74 

76 

11.3 

11.92 

0.0417 

12.5 

0.0474 

4.06 

4.01 

82 

82 

11.9 

12.20 

0.0465 

13.0 

0.0494 

4.00 

4.06 

90 

80 

12.5 

12.65 

0.0433 

13.5 

0.0514 

4.20 

4.10 

94 

94 

13.1 

13.01 

0.0433 

14.0 

0,0535 

4.22 

4.15 

100 

100 

13.7 

13.37 

0.0457 

■ 

0.05S7 

4.30 

4.20 

110 

107 

14.4 

13.73 

0.0505 

15.0 

0.0570 

4.30 

4.26 

116 

114 

15.1 

14.09 

0.0521 

15.5 

0.0600 

4.42 

4.32 

120 

122 

15.9 

14.45 

0.0529 

16.0 

1 

4.46 

4.30 

124 

129 

16.7 

14.81 

0.0513 

16.5 

0.0645 

1 

4.44 

130 

137 

17.5 

15.17 

0.0617 

17.0 

0.0667 

4.42 

4.51 

136 

144 

18.2 

15.53 

0.0601 

17.5 

0.0608 

4.50 

4.58 

140 

150 

18.8 

15.89 

0.0625 

18.0 

0.0712 

■ 

4.65 

144 

155 

19.3 

16.25 

0.0665 

0.0735 

4.70 

4.72 

- 

161 

19.9 

18.05 

0.0737 

19.0 

0.0759 

4.70 

4.80 

162 

165 

20.3 

19.84 

0.0801 

19.5 

1 

- 

- 

- 

- 

- 

21.64 

0.0897 

20 

4.97 

172 

173 

21.1 

23.44 

0.1009 

21 

0.0859 

5.17 

5.16 

176 

175 

21.4 

25.23 

0.1138 

22 

0.0911 

5.39 

5.33 

170 

171 

20.9 

27.02 

0.1194 

23 

0.0966 

5.65 

5.50 

160 

163 

20.1 

28.82 

0.1362 

24 

0.1024 

5.91 

5.65 

154 

155 

19.3 

30.61 

0. 1482 

25 

0.1085 

6.15 

5.80 

146 

148 

18.6 

32.40 

0.1546 

26 

0.1147 

6.37 

5.95 

140 

141 

17.9 

34.19 

0. 1778 

27 

0.1212 

6.52 

6.08 

136 

136 

17.4 

36.33 

0.1091 

20 

0. 1279 

■ 

131 

132 

17.0 

37.76 

__  0.1995 

29 

0.1345 

130 

126 

16.4 

41.33 

0.2259 

30 

0.1416 

6.85 

6.47 

123 

122 

15.9 

44.89 

0.2531 

31 

0.1402 

6.91 

6.60 

117 

118 

15.5 

48.45 

0.2796 

32 

0. 1553 

6.92 

6.70 

114 

115 

15.2 

52.01 

0.3004 

33 

0.1622 

7.09 

6.82 

111 

112 

14.9 

55.20 

0.3429 

34 

0. 1692 

7.17 

6.93 

110 

109 

14.6 

56.26 

0.3517 

35 

0.1767 

7.31 

7.04 

107 

107 

14.4 

57.33 

0.3629 

36 

0.1839 

7.39 

7.14 

105 

106 

14.3 

59.10 

0.3757 

37 

0.1914 

7.45 

7.25 

103 

105 

14.2 

62.64 

0.4102 

30 

0.1980 

7.55 

7.35 

104 

105 

14.2 
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66.17 

0.4438 

39 

0.2065 

- 

7.45 

- 

104 

14.1 

69.71 

0.4791 

40 

0.2141 

7.73 

7.56 

105 

104 

14.1 

73.23 

0.5215 

42 

0.2298 

7.04 

7.77 

104 

103 

14.0 

74.29 

0.5287 

44 

0.2457 

7.94 

7.90 

104 

102 

13.9 

75.34 

0.5496 

46 

0.2614 

0.05 

0.10 

104 

101 

13.8 

76.75 

0.5632 

48 

0.2777 

8.16 

8.40 

103 

100 

13.7 

60.27 

0.6048 

50 

0.2943 

0.31 

8.60 

102 

100 

13.7 

— 

52 

0.3100 

8.00 

99 

99 

13.6 

67.29 

0.6881 

54 

0.3279 

90 

98 

13.5 

90.79 

0.7242 

56 

■ 

9.19 

97 

97 

13.4 

94.29 

0.7747 

58 

■ 

9.32 

9.38 

97 

97 

13.4 

95.33 

0.7875 

60 

0.3030 

■ 

9.58 

97 

96 

13.3 

97.78 

62 

0.4024 

1 

9.77 

96 

96 

13.3 

101.27 

0.8548 

64 

0.4220 

9.96 

95 

95 

13.2 

66 

0.4435 

10.15 

94 

94 

13.1 

108.57 

0.9581 

1 

0.4644 

10.34 

94 

94 

13.1 

109.62 

0.9677 

0.4854 

10.69 

10152 

94 

>  93 

13.0 

110.66 

0.9894 

72 

0.5071 

10.91 

10.72 

93 

93 

13.0 

111.70 

0.9990 

74 

0.5290 

11.11 

10.90 

92 

93 

13.0 

115.17 

1.0462 

76 

0.5517 

11.28 

11.08 

91 

92 

12.9 

118.63 

1.1047 

0.5742 

- 

11.26 

92 

12.9 

122.09 

1.1480 

80 

0.5973 

11.43 

11.45 

S3 

92 

12.9 

125.55 

1.1992 

82 

- 

- 

11.63 

90 

91 

12.8 

126.58 

1.2072 

84 

0.6432 

11.63 

90 

91 

12.8 

129.00 

1.2433 

86 

1 

- 

- 

90 

90 

12.7 

132.44 

80 

0.6900 

11.87 

12.17 

90 

90 

12.7 

132.79 

1.3066 

90 

- 

- 

80 

89 

12.6 

133.82 

1.3218 

92 

0.7380 

12.20 

fv, 

89 

12.6 

94 

- 

- 

12.60 

05 

00 

12.5 

96 

12.60 

12.06 

06 

88 

12.5 

98 

- 

- 

13.03 

06 

07 

12.4 

100 

13.05 

05 

87 

12.4 

101 

- 

- 

- 

07 

12.4 

102 

- 

- 

13.37 

85 

86 

12.3 

103 

- 

- 

13.45 

07 

06 

12.3 

104 

0.8917 

13.47 

13.54 

06 

06 

12.3 
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1 

iph 

- 

- 

i 

87 

85 

12.2 

1 

- 

- 

■B 

■ 

83 

05 

12.2 

I 

Em 

1 

- 

- 

13.00 

80 

04 

12.1 

1 

1 

0.9460 

1 

SB 

■ 

79 

83 

12.1 

1 

a 

- 

■ 

* 

78 

81 

11.0 

no 

- 

- 

14.03 

70 

78 

11.5 

in 

- 

- 

14.11 

75 

75 

11.2 

112 

1.0025 

I 

14.16 

14.10 

72 

72 

10.8 

113 

1 

- 

14.25 

60 

68 

10.4 

- 

14.32 

63 

63 

9.9 

- 

- 

57 

50 

9.4 

116 

1.0600 

14.46 

52 

52 

8.8 

117 

- 

14.40 

46 

45 

0.1 

110 

- 

- 

14.53 

40 

39 

7.5 

119 

- 

- 

14.56 

30 

30 

6.6 

120 

a 

1.1103 

1 

1 

22 

22 

5.7 

' 

121 

i 

- 

■ 

13 

13 

4.0 

122 

- 

- 

14.62 

3 

4 

3.9 

123 

- 

- 

14.61 

- 

- 

- 

124 

1.1700 

14.50 

14.60 

- 

- 

- 

120 

1.2360 

- 

- 

- 

- 

- 

132 

1.2920 

- 

- 

- 

- 

- 
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TABLE  B-ll  MODEL -PLUG  RESPONSE  DATA  FOR  TEST  NO.  1 1 


EXPERIMENTAL  DATA 

CALCULATED  DATA 

TIME 

R  * 

1 

1 

TIME 

DISPLACE¬ 

MENT 

VELOCITY 

VELOCITY 

ACCEL¬ 

ERATION 

ACCEL¬ 

ERATION 

PRESSURE 

t 

1 

t 

Sg 

vC 

v0 

% 

ag 

P 

(MSEC) 

(FT) 

(MSEC) 

(FT) 

(FT/SEC.) 

(FT/SEC) 

(FT/SEC2) 

(FT/SEC2) 

(PSIG) 

0 

0 

B 

0 

0 

0 

0 

0 

0 

0.36 

0.0016 

1 

- 

- 

1.08 

- 

- 

- 

0.73 

0.0032 

- 

- 

2.56 

1 1800 

11000 

1207.1 

1.00 

0.0056 

0.3 

- 

- 

4. 10 

8100 

029.7 

1.45 

0.0104 

0.4 

- 

- 

4.35 

4200 

431.6 

1.01 

0.0144 

0.5 

1 

_ 

4.43 

810 

630 

90.4 

2.18 

0.0120 

■ 

- 

- 

n 

490 

500 

54.5 

2.54 

0.0120 

0.7 

- 

■ 

350 

325 

36.7 

2.00 

0.0136 

■ 

- 

4.55 

250 

250 

29.0 

3.27 

0.0102 

■ 

- 

- 

4.57 

- 

212 

25.1 

3.63 

0.0102 

1.0 

4.64 

4.58 

- 

180 

22.7 

3.00 

0.0200 

1.5 

0.0070 

4.58 

4.61 

102 

102 

13.6 

4.35 

0.0224 

2.0 

0.0063 

4.56 

4.63 

50 

59 

9.5 

4.71 

0.0240 

2.5 

0.0116 

4.64 

4.66 

50 

53 

0.9 

wm 

3.0 

0.0139 

4.70 

4.68 

54 

52 

0.0 

5.44 

0.0304 

■ 

| 

0.0163 

4.80 

4.71 

52 

53 

0.9 

5.00 

0.0206 

4.0 

0.01(17 

4.82 

54 

53 

0.9 

6. 16 

■ 

| 

0.0212 

4.84 

54 

54 

9.0 

6.52 

0.0304 

5.0 

0.0235 

4.84 

4.79 

56 

55 

9.1 

6.00 

0.0360 

0.0260 

4.82 

60 

57 

. 

9.3 

7.25 

0.0320 

1 

0.0284 

4.00 

4.05 

60 

59 

9.5 

7.61 

0.0344 

6.5 

0.0300 

4.‘»0 

4.80 

60 

61 

9.7 

7.07 

0.0344 

7.0 

0.0333 

4.96 

4.91 

64 

64 

10.0 

0.33 

0.0400 

■ 

0.0350 

5.00 

4.94 

70 

67 

10.3 

8.70 

0.0400 

8.0 

0.0303 

5.00 

76 

72 

10.0 

0.06 

0.0400 

8.5 

0.0400 

5.00 

00 

76 

11.3 

0.42 

0.0432 

9.0 

0.0433 

5.04 

5.06 

80 

01 

11.0 

0.78 

0.0432 

■ 

HU 

0.0458 

5. 10 

5.10 

04 

05 

12.2 

10.50 

0.04% 

10.0 

0.0404 

5.14 

90 

90 

12.7 

11.50 

0.0544 

10.5 

5.20 

5.19 

96 

96 

13.3 

12.67 

0.0616 

11.0 

0.0536 

5.20 

5.24 

100 

102 

13.9 

13.30 

0.0664 

11.5 

0.0562 

5.32 

5.29 

1 

104 

100 

1 

14.5 
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14.47 

0.0728 

■ 

0.0590 

5.36 

5.34 

106 

113 

15.0 

15.19 

■ 

12.5 

0.0616 

5.42 

5.40 

- 

- 

- 

16.27 

■SB 

II 

13.0 

0.0643 

5.50 

5.45 

122 

121 

15.8 

16.99 

0.0897 

1 

0.0671 

5.70 

- 

- 

- 

- 

16.79 

■ 

14.0 

r 

i 

0.0700 

5.90 

5.60 

127 

127 

16.5 

20.59 

0. 1065 

14.5 

0.0730 

6.06 

- 

- 

- 

- 

22.39 

0. 1265 

15.0 

0.0761 

6.04 

5.72 

128 

129 

16.7 

■BESa 

15.5 

0.0792 

- 

- 

- 

- 

- 

25.62 

0.1513 

16 

0.0020 

5.04 

5.84 

121 

125 

16.3 

26.70 

0. 1529 

17 

0.0075 

5.65 

5.97 

120 

121 

15.8 

27.77 

0.1601 

18 

0.0935 

5.77 

6.00 

119 

no 

15.5 

1 

19 

1 

6.01 

6.20 

no 

116 

15.3 

1 

20 

0. 1050 

6W08 

6.32 

no 

114 

15.1 

36.49 

0.2474 

0.1118 

6.44 

115 

113 

15.0 

42.06 

0.2002 

■ 

0.1176 

6.55 

112 

112 

14.9 

45.61 

0.3122 

i 

6.60 

6.66 

in 

111 

14.8 

46.68 

24 

0.1314 

7.06 

6.77 

112 

109 

14.6 

47.74 

25 

0.1303 

_ 

7.26 

111 

100 

14.5 

49.16 

7.48 

7.00 

100 

107 

14.4 

56.24 

0.4179 

27 

i 

7.62 

7.10 

106 

106 

14.3 

65.06 

28 

0.1612 

7.71 

7.20 

105 

106 

14.3 

68.58 

0.5467 

29 

0.1600 

7.00 

7.31 

106 

105 

14.2 

mm 

30 

0.1770 

8.00 

7.42 

107 

104 

14.1 

74.89 

0.6236 

■ 

mm 

i 

0. 1050 

8.15 

7.52 

105 

103 

14.0 

75.94 

0.6372 

32 

0.1931 

0.15 

7.63 

103 

103 

14.0 

79.09 

0.6700 

33 

0.2015 

0.20 

104 

102 

13.9 

84.33 

0.7429 

34 

0.2095 

0.21 

7.03 

105 

101 

13.8 

89.55 

0.8069 

35 

■ 

0.25 

106 

101 

13.8 

94.76 

0.0717 

36 

0.2260 

0.41 

8.05 

105 

100 

13.7 

95.80 

0.6006 

37 

■ 

■ 

0.56 

Si  •  | 

1 

102 

100 

13.7 

99.96 

38 

T 

0.2432 

8.69 

0.25 

100 

100 

13.7 

105.14 

1.0134 

39 

0.2520 

- 

8.35 

- 

100 

13.7 

110.31 

1.0943 

40 

0.2607 

0.81 

0.45 

102 

99 

13.6 

115.46 

1.1543 

42 

0.2704 

9.05 

0,66 

102 

90 

13.5 

120.60 

1.2472 

44 

0.2965 

9.30 

0.06 

100 

98 

13.5 

125.73 

1.3216 

46 

0.3150 

9.57  9.06 

99 

98 

13.5 
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126.75 

1.3360 

48 

L 

0.3350 

9.75  |  9.25 

99 

90 

13.5 

127.70 

1.3552 

50 

I 

9.90 

98 

90 

13.5 

52 

10.03 

90 

90 

13.5 

54 

0.3950 

10.16 

9.04 

97 

90 

13.5 

56 

1 

10.32 

10.03 

97 

97 

13.4 

50 

0. 4360 

10.42 

10.23 

96 

96 

13.3 

60 

0.4572 

10.56 

10.42 

94 

96 

13.3 

62 

■ 

10.71 

10.60 

93 

96 

.  13.3 

64 

1 

Q  | 

■ 

10.66 

10.70 

92 

95 

13.2 

1 

1 

10.90 

1 

93 

94 

13.1 

60 

0.5420 

11.31 

11.15 

92 

94 

13.1 

70 

1 

1 

11.65 

11.34 

91 

93 

13.0 

72 

1 

1 

12.00 

■ 

91 

92 

12.9 

74 

0.6141 

10.93 

11.70 

91 

92 

'2.9 

76 

0.6383 

11.45 

1 

92 

92 

12.9 

78 

0.6521 

- 

91 

91 

12.0 

00 

0.6050 

12.06 

12.25 

..... 

90 

91 

12.0 

02 

- 

- 

1 

00 

91 

12.0 

04 

0.7341 

12.27 

12.60 

00 

91 

12.0 

06 

- 

- 

12.77 

00 

90 

12.7 

00 

0.7036 

12.60 

12.95 

00 

90 

12.7 

90 

- 

- 

13.12 

08 

90 

12.7 

92 

0.0347 

13.01 

13.30 

00 

90 

12.7 

94 

- 

- 

— 

■ 

00 

09 

12.6 

0.8075 

13.40 

m 

09 

12.6 

90 

- 

- 

13,02 

1 

09 

12.6 

100 

0.9424 

1 

00 

09 

12.6 

101 

- 

- 

14.00 

- 

09 

12.6 

102 

- 

- 

mm 

09 

00 

12.5 

o 

- 

- 

H3 

07 

07 

12.4 

104 

0.9970 

14. 14 

14.35 

04 

06 

12.3 

105 

- 

- 

14.43 

03 

05 

12.2 

106 

- 

- 

14.52 

01 

03 

12.0 

107 

- 

- 

14.60 

79 

01 

11.0 

100 

1.0550 

14.57 

14.67 

77 

77 

11.4 

109 

- 

- 

14.75 

72 

73 

10.9 
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no 

- 

- 

14.03 

67 

60 

10.4 

in 

- 

- 

14.00 

61 

62 

0.0 

a 

■ 

1.1130 

14.04 

■ 

54 

55 

9.1 

i 

- 

- 

15.00 

■ 

50 

47 

0.3 

mm 

■ 

- 

- 

7.4 

m 

1 

- 

■ 

- 

| 

30 

20 

6.5 

116 

■ 

1.1750 

EBB 

1 

20 

20 

5.5 

■ 

- 

■ 

15.12 

- 

- 

- 

110 

- 

- 

15.12 

- 

- 

1 

- 

120 

1.2372 

15.00 

- 

1  1 

■ 

- 

124 

1.2067 

|  fjj  | 

- 

- 

- 

- 

120 

1.3552 

- 

- 

- 

- 
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FIG.  B-3  VARIATION  OF  DISPLACEMENT,  VELOCITY,  AND  ACCELERATION  WITH  TIME  FOR  TEST  NO.  3 
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FIG.  B-4  VARIATION  OF  DISPLACEMENT,  VELOCITY,  AND  ACCELERATION  WITH  TIME  FOR  TEST  NO.  4 
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FIG.  B-5  VARIATION  OF  DISPLACEMENT,  VELOCITY,  AND  ACCELERATION  WITH  TIME  FOR  TEST  NO. 
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FIG  B-6  VARIATION  OF  DISPLACEMENT,  VELOCITY,  AND  ACCELERATION  WITH  TIME  FOR  TEST  NO. 6 
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FIG.  B-7  VARIATION  OF  DISPLACEMENT,  VELOCITY,  AND  ACCELERATION  WITH  TIME  FOR  TEST  NO. 7 
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FIG.B-8  VARIATION  OF  DISPLACEMENT,  VELOCITY,  AND  ACCELERATION  WITH  TIME  FOR  TEST  NO.  8 
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FIG.  B-9  VARIATION  OF  DISPLACEMENT,  VELOCITY,  AND  ACCELERATION  WITH  TIME  FOR  TEST  NO. 
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FIG.  B-12  VARIATION  OF  PRESSURE  WITH  DISPLACEMENT  FOR  TESTS  NO.  7,  8,9,I0,ANDII 
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FIG.  B-13  VARIATION  OF  PRESSURE  WITH  DISPLACEMENT  FOR  TEST  NO.  2  AND  5 
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FI6.B-I4  VARIATION  OF  PRESSURE  WITH  DISPLACEMENT  FOR  TESTS  NO. 3  AND  6 
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FIG.  B-16  VARIATION  OF  PRESSURE  WITH  DISPLACEMENT  FOR  TESTS  NO.  I  AND  3 
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FIG.  B-17  VARIATION  OF  PRESSURE  WITH  DISPLACEMENT  FOR  TESTS  N0.4  AND  5 
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APPENDIX  C 
Gas-Jet  Effect 

Prom  the  low-pressure  tests  given  in  figure  B-12,  it  is 
observed  that  a  residual  pressure  of  the  order  of  10  psig 
continued  to  act  on  the  model  plug  after  completion  of  the 
power  stroke.  Also  from  the  high-pressure  test 8  given  in 
figure  B-15*  a  residual  pressure  of  the  order  of  30  psig  is 
observed.  It  is  realized  that  the  pressure  on  the  plug  oannot 
be  instantaneously  released  upon  completion  of  the  power  stroke. 
Therefore,  the  observed  residual  pressure  is  the  result  of  the 
existing  chamber  gas  pressure  acting  directly  on  the  plug  and 
the  momentum  ohange  of  the  highr- velocity  gas  jet  formed  by  the 
escaping  gas.  Of  course,  the  chamber  gas  pressure  immediately 
upon  completion  of  the  power  stroke  Is  of  the  order  observed, 
and  it  will  be  shown  that  the  ga3  jet  will  also  produce  an 
effective  pressure  of  the  same  order. 

We  study  the  idealized  case  of  a  gas  stream  acting  normal 
to  a  fixed  plate  and  being  defleoted  through  an  angle  of  90°. 

If  we  assume  no  losses  and  the  area  of  the  gas  stream  to  be  equal 
to  the  area  of  the  plate,  then  the  pressure  that  the  plug  would 
feel  is 

2 

a 

p  =  mr 


c-i 
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where 

p  ....  is  pressure,  psig 
p  . ...  is  density  of  gas,  slugs/ft ^ 
va  ...  is  exit  velocity  of  gas,  ft/seo 

For  the  high-pressure  test,  if  we  assume  p  -  0.00ij.0  slugs/ft-^ 
and  v_  «  1,000  ft/sec,  then 

p  -  28  psig 

For  the  low-pressure  test,  if  we  assume  p-  O.OOljlj.  3lug3/ft 
and  vfi  =s  600  ft/seo,  then 

P  =  11  psig 

We  see  that  these  estimated  values  of  effective  pressure 
explained  in  terms  of  the  gas  jet  are  of  the  same  order  as  those 
observed.  The  duration  of  this  jet  is  extremely  short  because 
the  quantity  of  gas  is  insufficient  to  support  the  large  mass 
rate-of-flowj  and,  hence,  its  effect  upon  energy  partition  is 
quite  small. 


02 
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APPENDIX  D 
Energy  Absorptions 

Kinetic  Energy  of  Reaotor-Ve ssel  Simulant.  When  the 
reaotor-vessel  simulant  is  fractured,  it  is  assumed  that  its 
total  mass  is  given  a  velocity  equal  to  the  mean  partiole 
velocity  of  the  water  oasing.  The  simulant,  a  thin-wall  right- 
circular  cylinder  with  one  end  closed,  was  constructed  of  1/64** 
inch  brass  shim  stock.  Given  a  simulant  of  diameter  d  in  inohes, 
height  h  in  inches,  and  wall  thickness  of  l/64**inoh  and  taking 
the  density  of  brass  to  be  0.304  lb/in^,  then  we  can  express  the 
total  mass  of  the  simulant  as 

—  0.000472  d(b  +  j^) ,  slugs 

If  this  mass  has  a  velocity  equal  to  the  mean  partiole  velooity 
Vp,  then  the  kinetic  energy  of  the  simulant  is 

KE  =  0.000236  d  (h  +£)  v  2  ,  ft- lb 
c  4  P 

Strain  Energy  of  Re actor- Vessel  Simulant.  To  approximate 
the  strain  energy  of  the  container  (reactor-vessel  simulant),  it 
is  assumed  that  the  total  volume  of  material  is  stressed  beyond 
the  ultimate  strength.  An  approximation  of  the  strain  energy 
per  unit  volume  for  this  plastio  deformation  is  taken  to  be 

1/2  <  "yp  +  °u>  € 

D-l 
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where 

<7  ...  is  stress  at  yield  point  of  brass,  psi 

v  x*' 

au  «...  is  ultimate  strength  of  brass,  psi 

€ .  is  unit  elongation  of  brass,  in/in 

If  we  take  the  container  dimensions  given  in  the  previous  sec¬ 
tion  and  assume  for  brass 

<7yp  =  22,000  psi 
<ru  =*  58,000  psi 
€  =  0,i|.  in/in 

then,  the  total  energy  of  the  container  SE0  is 

SEC  =  66.7  d(h  +  ^),  ft- lb 

Heat  Added  to  Gas.  To  estimate  the  amount  of  heat  added 
to  the  enclosed  gas,  we  elect  to  describe  the  development  of  the 
static  equilibrium  pressure  in  two  steps.  The  first  step  accounts 
for  a  pressure  rise  due  to  adding  the  explosive  product  gases  to 
the  initial  chamber  gas.  It  is  necessary  to  make  allowances  for 
this  effect  beoause  the  quantity  of  produot  gases  is  of  the  same 
order  as  the  initial  ohamber  gas.  We  let  this  process  be  iso¬ 
thermal  and  let  it  occur  at  ambient  temperature.  From  perfect 
gas  relations 

pb  =  pa  < 

where 

p  ...  is  final  pressure  of  isothermal  process,  psia 
b 


na 
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p„  ...  is  atmospherio  pressure,  psia 

cl 

n^  ...  is  number  of  moles  of  gas  in  ohamber  after  detonation 
at  ambient  temperature,  g-raol 
n  ...  is  number  of  moles  of  gas  initially  in  ohamber  at 

atmospherio  pressure  and  ambient  temperature,  g-raol 

The  seoond  step  is  assumed  to  be  the  addition  of  heat  at  constant 
volume  to  this  resultant  gas  mixture.  The  initial  conditions  of 
the  gas  mixture  for  this  constant  volume  process  are 
p^  ...  pressure,  psia 
Tq  ...  ambient  temperature  (283°K)»  °K 
wb  ...  weight  of  gas  mixture,  gm 

Heat  is  added  until  the  gas  reaohes  the  experimentally  obtained, 
static  equilibrium  pressure  pQ  (psia) .  Then  for  a  perfect  gas 

Q  =  w,  c  T  (£2  _  1) 
b  v  a  n 
*b 


where 

Q,  ...  is  heat  added  to  gas,  cal 

cv  . .  is  specific  heat  of  gas  at  oonstant  volume,  cal/gm  °C 

Sample  Calculations.  To  illustrate  the  effectiveness  of 
the  several  postulated  absorptions,  sample  calculations  are 
given  for  the  conditions  found  in  Test  No.  8.  To  estimate  the 
kinetic  energy  of  the  water  casing  (1/2  mw  vp2),  a  mean  particle 
velooity  is  needed.  From  reference  (d),  the  particle  velooity 

D-3 
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at  the  extremity  of  the  water  casing  is  of  the  order  of  2,600 
ft/sec  Immediately  prior  to  fracture  of  the  reaotor- vessel 
simulant.  At  the  same  time,  the  particle  velocity  of  the  water 
dose  to  the  charge  is  of  the  order  of  3*600  ft/seo.  It  is 
reasonable  to  assume  that  the  entire  water  oasing  is  moving  at 
a  mean  velocity  of  the  order  of  3,100  ft/sec.  With  v  *  3,100 

r 

ft/sec  and  mw  =  0.00602  slug  for  Test  No.  8,  an  estimate  of  the 
kinetio  energy  of  the  water  casing  is  9,3?0  calories.  For 
estimates  of  the  other  postulated  absorptions,  we  take  the  fol¬ 
lowing  values  from  table  1,  table  5*  and  figure  B-12  for  Test 
No.  8. 

d  =  2.0  in 

h  =  2.5  in 

Vp  =  3*100  ft/sec 

n  =  0.5l49  g-mol 

n^  —  1.0812  g-mol 

wfe  =  31.0  gm 

T  =  283  °K 
a 

PQ  =  46.0  psia 
Er  *  28,940  cal 

We  al3o  choose  the  following  values, 

p  =  14.7  psia 
8 

c  =  0.1718  cal/gm°C 
v 
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Substituting  these  values  into  the  appropriate  equations,  we 
find  that  the  estimates  for  the  kinetio  energy  of  the  container, 
strain  energy  of  the  container,  heat  added  to  gas,  and  energy 
losses  are  Ij.,1j.10  oalories,  130  oalories,  7^0  oalories,  and  14,290 
calories,  respectively. 
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APPENDIX  E 

Approximation  of  Energy  Partition  and 
Pres sure- Displacement  Funotion 

It  has  been  found  desirable  to  oorrelate  the  energy  parti¬ 
tion  and  pressure-displacement  funotion  with  the  maximum  height 
of  plug  travel.  The  following  paragraph  constitutes  a  correla¬ 
tion  that  could  possibly  be  used  for  future  experiments. 

Combining  equations  (5)  and  (6)  found  in  the  section  Energy- 
Partition  Analysis,  we  can  write 

ME  =  mgH  +  Fsf  (10) 

The  usual  method  given  by  equations  (7)  and  (1)  is  then  followed 
to  determine  energy  partition.  From  equation1 (2) 

3=3 

[  f 

ME  =  A  I  p  ds  ,  p  =  p  ( s) 
s=0 

it  is  possible  to  approximate  the  pressure-displacement  funotion 
if  we  assume  the  isentropic  expansion  of  an  effective  pressure 
funotion.  This  assumed  expansion  requires  that 

pevk  =  0 


(11) 
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where 

pQ  ...  is  effective  pressure,  psfa 
V  ....  is  volume,  ft^ 

k  ....  is  ratio  of  speoific  heats  of  gas 
C  ....  is  constant. 

Considering  the  length  of  the  power  stroke  and  the  geometry  of 
the  secondary-shield  simulant,  we  oan  write 


where 

Vq  ...  is  initial  volume  of  chamber,  ft^ 
A  ....  is  frontal  area  of  plug,  ft2. 
Combining  equations  (2)  and  (12),  we  obtain 


(12) 


ME  » 


(13) 


where 

Vf  ...  is  volume  at  end  of  power  stroke,  ft^ 

p  ...  is  atmospheric  pressure,  psfa. 
a 

If  we  perform  the  indicated  integration,  equation  (13)  beoomes 
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ME  « 


Peo  V0 
k  -  1 


k 


Vf1‘k)  -  Pa  <Vf  -  V 


(H|) 


where  p  is  the  maximum  effective  pressure  corresponding  to 
eo 

V  ,  psfa.  por  given  values  of  ME,  V  ,  V_,  p  ,  and  k,  equation 
( li()  will  yield  the  maximum  effective  pressure  pQO  .  It  Is 
noted  that  pQO  will  closely  approximate  the  statio  equilibrium 
pressure.  With  p  known,  equations  (11)  and  (12)  define  the 
pressure-displacement  function.  Equations  (10),  (11),  (12),  and 
(34)  establish  a  feasible  procedure  for  determining  the  energy 
partition  and  pressure-displaoement  relations  pertaining  to  future 
experiments. 


To  assess  the  validity  of  the  previously  described  approach, 
mechanical  energy  as  obtained  from  equation  (ll[)  was  determined 
for  the  subject  eleven  experiments.  Shown  in  figure  E-l  are  a 
typical  pressure  curve  and  the  approximating  isentropio  ourve. 
Since  peQ  cannot  be  obtained  from  the  typioal  curve,  a  point 
Pi*  ^1  was  °^osen  from  which  pgo  was  calculated  by  the  relation 


v,  k 

Peo  =  Pi  (^i) 
v  o 

where  k  is  taken  to  be  1.I+.  The  results  of  this  calculation  for 

each  test  are  given  in  table  E-l.  With  p  determined,  equation 

eo 

(14)  was  used  to  calculate  mechanical  energy  for  each  test.  For 
eaoh  test  table  S-2  presents  the  meohanioal  energy  obtained  from 


E-3 


PRESSURE 
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LEGEND* 


- TYPICAL  PRESSURE  EXPANSION  CURVE 

- ISENTROPIC  (K=  1.4)  PRESSURE  EXPANSION  CURVE 


FIG.E-1  APPROXIMATION  OF  PRESSURE- VOLUME 
EXPANSION 
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TEST 

NUMBER 

DISPLACEMENT 

PRESSURE 

VOLUME 

VOLUME 

MAX.  EFF. 
PRESSURE 

MAX.  EFF. 
PRESSURE 

S1 

Pi 

mm 

v0 

Peo 

Peo 

(FT) 

(PSIA) 

(FT3) 

(FT3) 

(PSIA) 

(PSIG) 

1 

0. 1984 

24.0 

0.3754 

0.3621 

26.1 

11.4 

2 

0.2040 

24.9 

0.3757 

0.3621 

26.2 

11.5 

3 

0.2037 

34.3 

0.3757 

0.3621 

36.1 

21.4 

4 

0.2261 

163.6 

0.4392 

0.4241 

171.8 

157.1 

5 

0.2115 

136.1 

0.4382 

0.4241 

127.8 

6 

0.2002 

299.7 

0.4375 

0.4241 

313.0 

298.3 

7 

0.2055 

54.3 

0.4362 

0.4225 

56.8 

42.1 

8 

0.2100 

43.9 

0.4344 

0.4204 

46.0 

31.3 

9 

0.2070 

33.6 

0.4297 

0.4159 

35.2 

20.5 

10 

0.2065 

28.8 

0.4256 

0.4118 

30.2 

15.5 

11 

0.2015 

28.6 

0.4212 

0.4077 

i 

29.9 

15.2 

TABLE  E-l  MAXIMUM  EFFECTIVE  PRESSURE 
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TEST 

NUMBER 

VOLUME 

APPROX. 
MECHANICAL 
•  ENERGY 

1 

ACTUAL 

MECHANICAL 

ENERGY 

■ 

PERCENT 

DIFFERENCE 

wm 

N 

ME 

<FT3) 

(FT-LB) 

(FT-LB) 

(JO 

1 

0.4359 

86,0 

103.5 

16.9 

2 

0.4015 

53.5 

55.3 

3.3 

3 

0.4359 

179.3 

211.8 

15.4 

4 

0.4979 

1452.0 

1420.8 

2.2 

5 

0.4979 

1177.3 

1146.3 

2.7 

6 

0.4979 

2773.8 

2397.3 

15.7 

7 

0.4963 

383.4 

349.1 

9.8 

8 

0.4942 

265.7 

259.6 

2.3 

9 

0.4897 

174.3 

177.1 

1.6 

10 

0.4856 

127.2 

141.6 

10.2 

11 

0.4815 

122.9 

146.7 

16.2 

TABLE  E-2  APPROXIMATE  MECHANICAL  ENERGY 
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equation  (lij.)  in  the  column  denoted  W,  the  actual  mechanical 
energy  denoted  HE,  and  a  percentage  difference.  Even  with  exces¬ 
sive  gas  leakage,  the  average  10  per  oent  difference  represents 
a  good  approximation.  It  may  be  possible  to  use  this  new 
parameter,  maximum  effective  pressure,  as  a  basis  for  test 
comparisons  in  addition  to  energy-partition  considerations  per 
se.  Figure  E-2  shows  the  variation  of  maximum  effective  pres¬ 
sure  with  water-to-air  ratio  for  the  various  tests.  The 
similarity  of  these  curves  to  the  energy-partition  curves  shown 
in  figures  9  and  10  is  to  be  noted. 
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